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Abstract 
 
Background: Participation in physical activity (PA) is influenced by a multitude of factors. 
Traditionally, research has focused on several theoretical frameworks focusing on the 
“individual”; however, they do not necessarily take into consideration other influencing factors 
such as the social environment or the physical or built environment. As such, a comprehensive 
socio-ecological model considering a multiplicity of factors is useful in explaining behaviour. 
 
Aims: To 1) assess the prevalence of the individual level correlates and their association with 
PA and walking; 2) assess the prevalence of environmental determinants and neighbourhood 
characteristics and the association between these and PA and walking behaviours; 3) explore 
within a comprehensive and socio-ecological approach, the contribution of the individual, 
social, and environmental factors in predicting PA and walking.  
Methods: The studies used in this thesis are national, random-digit dialling telephone-based 
surveys of a representative population sample within Canada. All research questions and 
procedures underwent ethics review at York University. The studies incorporated a two-stage 
probability selection process to select a survey respondent, and included a number of standard 
self-report measures across the data collection cycles. PA and all-domain walking were 
measured using the telephone-administered, short International Physical Activity 
Questionnaire, the neighbourhood environment was measured using an abbreviated version of 
the Neighbourhood Environment Walkability Scale (NEWS), and individual factors such as 
knowledge about amount of PA required for guidelines, beliefs about the benefits of PA, self-
efficacy, intention, and initial behaviour changes. Walking for transport was measured through 
the Physical Activity Monitor and walking for recreation were measured through an adapted 
version of the Minnesota Leisure-Time PA questionnaire (for the 2007 collection only). 
Complex sampling methods were required to take into account stratification by province or 
territory within Canada. Complex samples cross-tabulation procedures were used to calculate 
the prevalence estimates of Canadians meeting the PA and walking guidelines and 95% 
confidence intervals. The relationship between factors predicting sufficient activity and sufficient 
walking were examined using complex samples logistic regression procedures that were reflect 
the sample design. This thesis explored associations and the relative strength of the factors as 
the independent measures predicting ‘sufficient’ PA and ‘sufficient’ walking as the dependent 
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measures, using age, sex, and education as covariates for each of these models. Chapter Six 
expands this model by including walking for recreation and transportation, and examining sub-
population groups. 
Results: Individual factors (e.g., self-efficacy, intention, and some trial behaviours) and social 
factors were associated with sufficient PA and certain types of walking. Relatively few 
environmental factors were associated with sufficient walking (all domain and domain-specific) 
or sufficient PA. The relationship between high density neighbourhoods and higher rates of 
walking (generally and specific), and the availability of supportive walking facilities with various 
modes of walking were evident. Proximity of many shops and the presence of sidewalks were 
associated with the highest quartile of walking for transport. A greater number of the individual 
factors predicted walking and PA compared to the environmental/neighbourhood factors, within 
the context of a full socio-ecological model. Findings differed when stratified by age and sex of 
respondents. 
 
Conclusions: The results suggest that individual factors may be more relevant for predicting 
activity and walking than environmental factors, or at least should be considered in their inter-
relationship with environmental factors when developing environment-based interventions. 
Although the inter-relationship between individual factors, social factors and the built 
environment are important, understanding individual factors are critical for determining 
strategies and interventions to promote PA among certain populations with traditionally lower 
levels of activity. Findings suggest that within countries like Canada, with a relative abundance 
of supportive environments, more specific and detailed measures of the perceived and 
objective physical environment may be required in order to achieve sufficient variation. 
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1.1 Physical inactivity as a public health issue 
 
 
Physical activity (PA) has an important role to play in the prevention of a myriad of diseases 
and conditions [U.S. Department of Health and Human Services, 1996; Warburton et al., 2006; 
U.S. Department of Health and Human Services, 2008], and participation is shaped by multiple 
influences, such as intrapersonal (for example, self-efficacy, behavioural control, intention), 
social (for example, social support from family, friends, or health care practitioners), and 
physical environmental factors (for example, a neighbourhood conducive to walking or 
bicycling, a mix of land use). Physical inactivity is a significant public health issue, as low levels 
of PA are associated with increased risk of non-communicable diseases (e.g., heart disease, 
diabetes, certain cancers), chronic disease risk factors (e.g., obesity and hypertension), anxiety 
and depression, and premature mortality [U.S. Department of Health and Human Services, 
1996; Warburton et al., 2006; U.S. Department of Health and Human Services, 2008]. The 
World Health Organization (WHO) reports that physical inactivity is the fourth leading risk factor 
of global mortality, estimating 3.2 million deaths globally attributable to inactivity [WHO, 
accessed September 25, 2013]. In addition to the impact on the lives of the individual, there are 
societal costs. For example, the economic impact of physical inactivity in Canada in terms of 
chronic disease, obesity and health care costs is estimated at CAD $6.8 billion per annum  
[Janssen, 2012].  
 
With this recognition of physical inactivity as a global health issue, the WHO Assembly 
endorsed the Global Strategy on Diet, Physical Activity and Health in 2004. At this meeting, 
WHO member states were urged to develop national PA plans, strategies, and policies to 
increase activity levels of their respective populations [WHO, 2004; WHO, 2010]. A few years 
later (2008), the WHO endorsed a global strategy and action plan for the prevention and control 
of non-communicable diseases (NCDs), which recognized inactivity as one of its determinants 
[WHO, 2008]. The plan recommended the development and implementation of national 
guidelines for PA which incorporate frequency, duration, intensity, type and total amount of PA 
for reducing NCDs along with interventions for active transportation policies and ensuring 
supportive physical environments [WHO, 2010]. The development of guidelines were seen as 
important for informing policies and interventions, for the development of goals and objectives, 
for establishing PA promotion and communication initiatives, providing a framework and 
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evidence-based document, and to facilitate national surveillance to monitor population levels of 
PA [WHO, 2010]. Canada is a country that has already made significant advances and is 
considered one of the countries at the forefront in these regards, especially with respect to 
guideline development [Tremblay et al., 2011] and PA surveillance [Kohl et al., 2012] and their 
evolution is described in the following sections. 
 
1.2 Development of national physical activity guidelines in 
Canada 
 
In Canada, as governments and national PA organizations recognized the need for a constant 
message which informed the population about the dose and types of PA that are required in 
order to reduce NCDs and to maintain health, national PA guidelines were developed in the 
late 1990’s. The Canadian Society for Exercise Physiology (CSEP) and Health Canada 
released specific guidelines for adults between 18 to 55 years (released October 1998), for 
adults 55 years and older (released in November 1999), followed by guidelines specific to 
children and youth (released in November 2002). These 1998 Canadian guidelines for adults 
indicated that 18 to 55 year-old adults should accumulate at least 60 minutes of any intensity 
activity daily for health and as a progression is made to higher intensity, the number of days 
and duration could be reduced (such as at least 30 minutes of moderate-intensity activity, 4 
days a week or 20 minutes of vigorous-intensity activity, 4 days a week) [Health Canada and 
Canadian Society for Exercise Physiology, 1998]. The guides and accompanying materials 
were designed to increase positive beliefs about the benefits of PA to motivate people to try to 
become more active.  
 
A large media strategy was adopted to disseminate the Canadian PA guides for the various 
age groups, which was to be supplemented by additional dissemination through intermediaries 
and professionals [Cameron et al., 2007a]. The first step in this strategy was to increase 
awareness of the issue of physical inactivity. This involved several media releases over the 
course of about a month. The second phase of the strategy was the media release of the 
guides and supporting materials including the launch of the website where Canadians could 
access the guides and supporting materials. Both phases of the media strategy involved press 
releases, news conferences, television and radio coverage, and articles in newspapers, which 
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stated that the guides were available on the CSEP and Health Canada websites [Cameron et 
al., 2007a]. 
 
The development of the guides was intended to provide a common basis for interventions when 
encouraging Canadians to become more active by providing a suggested dose 
recommendation for an appropriate level of PA. One theory that has been developed to 
understand health behaviour change and guide the development of intervention strategies to 
positively change health behaviours, and therefore was considered in the guide development, 
is the Theory of Planned Behavior (TPB) [Ajzen, 1985; Ajzen, 1991]. A description of this 
theory follows in Chapter Two of this thesis. In brief, however, the TPB theorizes that a 
person’s intention to perform a behaviour such as PA, is the immediate predictor of that 
behaviour, because it reflects the individual’s motivation to engage in the behaviour [Ajzen, 
1985; Ajzen, 1991]. Attitudes (e.g., seeing an activity as harmful/beneficial, boring/enjoyable), 
subjective norm (social pressure to be active), and perceived behavioural control (how 
easy/difficult it is to be active) is theorized to predict intention [Ajzen, 1985; Ajzen, 1991; 
Courneya, 1995]. Attitudes can be influenced by personal beliefs about the behaviour, whereas 
subjective norms are based on beliefs about the normative beliefs within the social 
environment, and perceived behavioural control is based on opportunities to perform the 
behaviour [Ajzen, 1985; Ajzen, 1991; Courneya, 1995]. As an individual acts on their intention, 
they may try a variety of different behaviours in an effort to become more active. The guides 
were developed as a communication tool that could be used as part of a broader social 
marketing campaign to increase awareness of PA and educate individuals about the 
importance of PA [Cameron et al., 2007]. The guides included aspects of this theory into its 
messaging, as well as reference to a supportive environment to be active. Theories and 
interventions relevant to this approach are described in Chapter Two. In Canada, researchers 
updated the PA guides in 2011 [Tremblay et al., 2011] reflecting current evidence. Given the 
timing of the surveys in this thesis (prior to 2011), the analyses will pertain primarily to the 
content of the original guidelines for adults (released in October 1998) as described earlier in 
this section. 
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1.3 National physical activity surveillance: understanding 
changes in behavioural influences 
 
As mentioned previously in this Chapter, the WHO had recommended in their global strategy 
and action plan for the prevention and control of NCDs [WHO, 2008], the development of 
guidelines for informing policies and interventions; the development of goals and objectives for 
establishing PA promotion and communication initiatives; the provision of a framework and 
evidence-based document; and to facilitate national surveillance and monitoring of population 
levels of PA [WHO, 2010]. Indeed, Canada has been a country at the forefront of PA 
surveillance [Kohl et al., 2012], as it possesses a long-standing and established national 
surveillance system, which examines population levels of PA, and the factors associated with 
activity. The surveillance system was initiated and established by the Canadian Fitness and 
Lifestyle Research Institute (CFLRI) in the early 1980’s. The importance of PA was recognized 
in the Canadian Parliament by the introduction and adoption of the Fitness and Amateur Sport 
Act (Government of Canada, 1960-1961), which was an Act that intended to advance the well-
being of Canadians. This Act was introduced partly due to initiatives in the 1970’s which 
influenced the policy agenda of the federal government, including a Conference on PA and 
Health in 1972. One of the recommendations from this conference was to conduct a national 
fitness survey, subsequently known as the 1981 Canada Fitness Survey (CFS) [Craig, 2011].  
 
The CFS was designed to measure relationships between PA and fitness from a health 
outcomes perspective and collected nationally representative data on over 20,000 Canadians 
aged 7 and older, and was essentially considered a landmark study of its time. Fitness and 
body composition were objectively measured and determinants associated with PA were 
collected through self-report questionnaires. The longitudinal component of the CFS was 
developed 7 years later using the same principles, but with more of a focus on behaviour 
change and health outcomes, and was called the Campbell Survey on Well-Being (CSWB). 
The sample for the longitudinal component was approximately 4,000. These two foundation 
studies went beyond traditional studies by operationalizing theory (in particular the Theory of 
Planned Behavior) for predicting activity [Wankel & Mummery, 1993].  In the mid-1990’s, the 
CFLRI initiated a regular comprehensive PA monitoring system, with the purpose of informing 
policy and strategic plans and practice.  In order to do so, a range of information was required 
from the literature in order to provide the supporting evidence from an intervention perspective. 
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In addition, systems-based information was required in order to provide information to 
determine the capacity to accommodate change. Finally, information from population-based 
and setting-based surveys of the population and settings were required, in order to understand 
the current situation. This required a comprehensive system in order to address these three 
components. Therefore, a framework was established to guide the selection of the 
determinants to be collected through the surveillance system. In order to monitor outcomes 
relevant to PA, indicators from the literature which recommends an appropriate dose of PA 
required in order to achieve health benefits were reviewed, and this review was initially used to 
help build the case for action. In order to monitor the underlying conditions that influence 
participation, the intervention, determinants, and correlates literature were used in order to 
develop the indicators to be collected. Within governments at a federal, provincial and 
territorial, and even local level, a new era that emphasized performance measures was 
simultaneously occurring. As such, after consultation with governments and with Canadian 
scientific leaders within the field of PA, the indicators were selected and recommended to 
government ministers, and an annual surveillance system (known as the CFLRI’s Physical 
Activity and Sport Monitoring Program or PASMP) was established by the CFLRI, in 
partnership with the federal, provincial and territorial governments. Self-report measures 
were adopted extensively within the surveillance system. Although practical and relatively 
cost-effective, limitations to self-report research, when employed in surveillance, can include 
bias (selection, sample, recall, and response) and reduced response rates over time. However, 
current research involving the PA surveillance system in Canada, which represent the key data 
sources used later in this thesis, have shown no clear differential effect on the 
representativeness of these samples despite declining response rates over time [Craig et al., 
2009]. The development of a comprehensive surveillance system as described above, 
contributes to accountability for policy makers, government officials and non-governmental 
organizations, contributes to the efficient use of financial investments, provides the information 
required to inform national PA recommendations, and allows for the evaluation and 
assessment of interventions and population strategies [Cameron et al., 2007a; Craig et al., 
2007; Spence et al., 2009; Craig et al., 2010; Kohl et al., 2012]. Given the comprehensive and 
long-term nature of the surveillance system using consistent methodology and measures, the 
Canadian model has been one that has been promoted globally [Kohl et al., 2012]. Further 
details about the PASMP are described in Chapter Three of this thesis, and three of the 
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surveys from this surveillance system are the central data sources for the analyses contained 
in this thesis. 
 
1.4 A focus on the behaviours: physical activity and walking 
 
As described in the opening sections of this thesis, physical activity is a modifiable risk factor 
for many chronic diseases and conditions [U.S. Department of Health and Human Services, 
1996; Warburton et al., 2006; U.S. Department of Health and Human Services, 2008]. Physical 
inactivity is an important public health priority, as low levels of PA are associated with 
increased risk of NCDs, chronic disease risk factors, anxiety and depression, and premature 
mortality [U.S. Department of Health and Human Services, 1996; Warburton et al., 2006; U.S. 
Department of Health and Human Services, 2008]. The statistics can be considered to be 
remarkable. The WHO cites physical inactivity as the fourth leading risk factor of global 
mortality, estimating 3.2 million deaths globally attributable to inactivity [WHO, accessed 
September 25, 2013], and in Canada, the health care costs were estimated at CAD $6.8 billion 
per annum  [Janssen, 2012]. Despite the known benefits of PA, many adults and children in 
Canada are not sufficiently active to benefit their health.  
 
Given the prevalence and popularity of walking among the Canadian population [Cameron et 
al., 2007b], it is important to examine this form of PA more specifically.  Walking is a relatively 
easy and low-cost activity for all age groups, as it is generally considered a convenient activity 
that involves little skill, equipment, and cost. As a recreational activity, it is one of the most 
popular activities among both genders and age groups [Cameron et al., 2007b]. It is, therefore, 
a key activity to promote to those who are less active in order to increase overall activity levels 
in general. Walking for commuting has the potential of influencing health outcomes, such as 
contributing to the prevention of increasing obesity rates [Bassett et al., 2005]. Research has 
shown a relationship between walking and obesity among industrialized nations (Europe and 
North America), as the proportion of walking trips was inversely related to obesity rates, as was 
the total percentage of walking, bicycling, and public transit trips [Bassett et al., 2008]. To better 
understand these influences, this thesis takes a socio-ecological perspective for examining the 
determinants that predict PA and walking behaviours within a Canadian context.  
 
Chapter One – Introduction 
 
 
Page 8 
 
1.5 Thesis structure and Chapter outlines 
 
The first section in the next Chapter will demonstrate that individual factors play an important 
role in predicting PA and walking behaviours. It is suggested that perceptions of the 
neighbourhood are associated with objective measures in the environment such as having 
many shops and places within walking distance, sidewalks on most streets and crime rate, 
whereby objective measures may go through a filtering process based on individual 
characteristics, for example attitudes, beliefs or behavioural control [Brownson et al., 2009]. 
Given this, the validity of the measures can be affected by individual factors. Therefore, 
although individual factors may be critical for determining strategies and interventions for 
modifying behaviours, considering the inter-relationship between these and the social and built 
environment is also important. As such, the studies contained in this thesis seek to address this 
issue among the Canadian population, and posits this as the central research of this thesis. 
 
Chapter Three describes the methodological considerations of this thesis. It starts with an 
overview of recent and current national public health surveillance surveys in Canada, including 
PA measures and correlates. It also explores the historical development of the PA measures, 
the specific measures used throughout this thesis, and the process and procedures used for 
the analyses.  
 
Chapter Four examines correlates at an individual level and social level using the TPB as its 
theoretical basis. The theoretical framework of the TPB has been used to explain PA and other 
health behaviours, and it suggests that intention is an immediate determinant of a given 
behaviour, and attitude, subjective norm, and perceived behavioural control influence intention 
[Ajzen, 1985; Ajzen, 1991]. Perceived behavioural control may also directly influence 
behaviour. As people act on their intention to be active, they may try a range of different 
behaviours in an effort to become more active. The Chapter begins with a brief overview of the 
central theory and methods that are used in the Chapter, describes the prevalence of these 
factors and the association between the individual factors with PA and walking more 
specifically, and follows with an examination of the factors that predict PA and walking. The 
Chapter concludes with a discussion of the findings. 
 
Chapter Five explores environmental determinants and neighbourhood characteristics to 
explain PA and walking behaviours. The Chapter starts with a brief overview of the physical 
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environment correlates literature, a description of the methods used within the 2004 nationally 
representative study, describes the prevalence of the correlates and the association between 
the environmental factors with PA and walking, and follows with an analyses of the 
environmental factors that predict PA and walking. The Chapter concludes with a discussion of 
the resultant findings. 
 
Chapter Six takes both Chapter Four and Chapter Five into consideration by further exploring 
the findings within a socio-ecological approach, the contribution of the individual, social, and 
environmental factors in predicting PA and walking. The Chapter begins with a brief overview of 
the literature related to a socio-ecological approach, describes the 2007 nationally 
representative study used to explore the research questions, describes prevalence estimates 
and associations between factors, then explores the relative contribution of factors in predicting 
PA and walking. A discussion of findings concludes the Chapter. 
 
Chapter Seven completes the thesis by discussing the findings of earlier Chapters and 
providing recommendations for actions for increasing PA and walking among the population. 
Based on these findings, along with current intervention literature, recommendations for actions 
for increasing PA and walking among the Canadian population are provided. 
 
Summary of Chapter One 
 
Physical activity has an important role to play in the prevention of a myriad of diseases and conditions [Warburton 
et al., 2006], and participation is shaped by multiple influences, such as intrapersonal, social, and physical 
environmental factors. 
 
The WHO endorsed a global strategy and action plan for the prevention and control of non-communicable 
diseases, which recommends the development and implementation of national guidelines for PA, along with 
interventions for active transportation policies and ensuring supportive physical environments. Guidelines are seen 
as important for informing policies and interventions, for the development of goals and objectives, for establishing 
PA promotion and communication initiatives, providing a framework and evidence-based document, and to 
facilitate national surveillance to monitor population levels of PA [WHO, 2010]. Canada is at the forefront with 
respect to guideline development [Tremblay et al., 2011] and PA surveillance [Kohl et al., 2012]. The Chapter 
provides background on the development of PA guidelines in Canada and describes the evolution of the PA 
surveillance systems, and the latter provides the data used in this thesis. 
 
This Chapter described the approach and structure of the thesis, Chapter by Chapter, and provided a rationale as 
to the use of the outcome variables (physical activity and walking) in this document. 
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2.1 Introduction 
 
As referred to in Chapter One, this Chapter explores the literature regarding relevant theories 
to frame this thesis. The first section of the Chapter (section 2.2) explores theories of behaviour 
that focus on individual factors related to PA and walking behaviours. The literature suggests 
that individual factors may be critical for determining strategies and interventions for modifying 
behaviour. To begin, the Chapter provides a brief description of some of the most relevant 
behaviour theories, with a more specific focus on the theory and models which are most 
relevant to this thesis.  
 
Section 2.3 briefly describes the literature which examines factors related to the physical 
environment and local neighbourhood. The literature base related to these factors has 
increased substantially since the 1990’s [Sallis, 2009]. The section first starts with an overview 
of the current methods used in studies pertaining to the physical environment and local 
neighbourhood to provide general context, paying particular attention to the self-report 
measures of the Neighborhood Environment Walkability Scale (NEWS), which are most 
appropriate for the analyses contained in this thesis. 
 
Section 2.4 considers the inter-relationship between individual factors, social factors, and the 
built environment through a socio-ecological lens. As such, this summary will provide context 
for the studies contained in this thesis within a Canadian population. 
 
Each of the reviews in this Chapter was conducted through PubMed searching on keywords 
(physical activity or walking, and theory of behaviour, physical environment, built environment). 
The review was limited to studies conducted after 2000 with the notable exception being key 
articles that introduced theories. As this was not intended to be a systematic review of the 
literature on theories of behaviour and environmental factors, generally speaking, review 
papers and review of reviews have been utilized to inform this section supplemented by other 
specific studies of relevance.  
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2.2 Theories of behaviour: a focus on the individual 
 
Early research in the area of PA focused on theories of behaviour, which reflected individual, 
cognitive, psychological, and social influences of behaviours [Sallis, 2009]. Some of these 
theories were developed to understand behaviour, whereas others were developed for 
interventions, however, generally speaking these theories are more applicable for designing 
community wide interventions [U.S. Department of Health and Human Services, 1996; U.S. 
Department of Health and Human Services, 2008]. A brief description of some of the most 
relevant behaviour theories are summarized below.  
 
Learning theories propose that complex behaviour, such as PA participation, is learned or 
shaped by the accomplishment of smaller milestones of progression towards a larger goal, and 
that these smaller milestones need to be established and reinforced, and the newly learned 
behaviours need to replace less desirable behaviours that are habitual or cued [Skinner, 1953; 
U.S. Department of Health and Human Services, 1996]. Health belief models originally 
suggested that a health related behaviour depends on the perceived severity of an illness, a 
person’s pre-disposition towards that illness, perceived benefits of preventive behaviours, and 
barriers to preventive behaviour [Hochbaum, 1958; U.S. Department of Health and Human 
Services, 1996; U.S. Department of Health and Human Services, 2008].  Self-efficacy was later 
added as a factor for health belief models [Rosenstock et al., 1998]. The Trans-theoretical 
model of behaviour theorizes that behaviour change follows stages of an individual’s readiness 
to change [Prochaska et al., 1982]. Individuals may go through different processes when they 
move between five stages of change, described as pre-contemplation, contemplation, 
preparation, action and maintenance, and that individuals may move quite fluidly through these 
changes in several directions. Interventions for successful behaviour change depend on the 
right process at the right stage, and tailoring the intervention to each stage is important [Marcus 
et al., 1992; U.S. Department of Health and Human Services, 1996]. Social cognitive theory 
[Bandura, 1977a; Bandura, 1977b; Bandura, 1986] suggests that behaviour change is 
influenced by personal factors, environmental factors, and the behaviour. For this theory, self-
efficacy, or an individual’s confidence in their ability to perform the behaviour, is an important 
construct [Bandura, 1986]. Bandura proposed that there exists a reciprocal determinism 
between personal, behavioural and environmental factors. For example, knowledge, 
expectations and attitudes influence an individual’s perceptions of social norms, access to 
Chapter Two – An overview of the literature 
 
Page 13 
 
opportunities and the influence of others; the reverse is also true [Bandura, 2001]. Social 
norms, access to opportunities and the influence of others can influence the individual’s 
knowledge, expectations and attitudes [Bandura, 2001]. 
 
The Theory of Reasoned Action (TRA) was another theory that was used to rationalize 
behaviour change [Fishbein & Ajzen, 1975; Ajzen & Fishbein, 1980]. The theoretical 
assumptions of the TRA theorize that the best predictor of behaviour is the construct of 
intention, and the determinants of intention include attitudes and subjective norm [Fishbein & 
Ajzen, 1975; Ajzen & Fishbein, 1980; Blue, 1995]. Attitudes can be influenced by personal 
beliefs and values attributed to the behaviour, whereas subjective norms are based on the 
normative beliefs within the social environment and reflect the social pressure to perform the 
behaviour [Fishbein & Ajzen, 1975; Ajzen & Fishbein, 1980; Courneya, 1995; U.S. Department 
of Health and Human Services, 1996]. The Theory of Planned Behavior (TPB) is similar to, yet 
an extension of the TRA [Ajzen, 1985; Ajzen, 1988; Ajzen 1991]. The primary difference 
between the TRA and the TPB was the inclusion of a third independent construct, namely 
perceived behavioural control, which represents an individual’s perceived control of 
opportunities or skills to perform the behaviour, which may have an indirect effect through 
intention, and also a direct effect on the behaviour [Ajzen, 1985, 1991; Blue, 1995; Courneya, 
1995; U.S. Department of Health and Human Services, 1996; U.S. Department of Health and 
Human Services, 2008], which is considered important in behavioural change theory. The TPB 
suggests that positive attitude, subjective norm, and behaviour control will lead to stronger 
intention to perform the behaviour [Ajzen, 1985; Ajzen, 1991; Blue, 1995]. Essentially, 
perceived behavioural control (PBC) is considered a similar concept to Bandura’s concept of 
self-efficacy, as described in the social cognitive theory above [Ajzen, 1985; Ajzen, 1991; 
Ajzen, 1988; Bandura, 1977a;  Bandura, 1977b; Armitage, 2005]. As the constructs contained 
within the TPB are most relevant to the research conducted in this thesis and the factors 
selected (given that this theory was used in Canada to supplement the direction of the guides 
and their evaluation and monitoring), the TPB is considered here in more detail compared to 
the other behavioural theories described.  
 
To this day, the TPB remains an important theory in terms of predicting and understanding 
behaviour from the perspective of a theory related to intrapersonal constructs, and this is 
evidenced by the large body of intervention research that has used this theory to examine 
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health behaviours, and PA more specifically [Godin et al., 1993; Godin, 1994; Blue, 1995; 
Godin et al., 1996; Hagger et al., 2002]. A review by Blue [1995] indicates that behavioural 
beliefs are positively correlated with attitude, whereas normative beliefs are correlated with 
subjective norms and attitude was predictive of intention. In this review, however, Blue found 
that subjective norm was not correlated with intention in most studies and, was low when it was 
correlated, compared to the relationship between attitudes and intention. Intention was 
predictive of behaviour in most studies where this was examined [Blue, 1995]. This review 
found that PBC increased the prediction of intention, but not as conclusive in predicting the 
behaviour itself, however, it was noted that the measures for PBC may have affected these 
results [Blue, 1995]. Hagger and colleagues [2002] note in their research that the TPB is useful 
for explaining certain behaviours. It is important to recognize that it may not necessarily 
account for other cognitive influences on attitudes, subjective norm, perceived behavioural 
control or intentions, such as motive. Hagger, Chatziasarantis, and Biddle [2002] conducted a 
meta-analysis of the TRA and TRB. They found that there were medium to large effects sizes 
for intention-behaviour, attitude-intention, and PBC-intention, and a smaller effect for subjective 
norm-intention [Hagger, Chatziasarantis, & Biddle, 2002]. In addition, the meta-analysis also 
confirmed other research that showed the importance of PBC to intention, but this study 
showed that attitude is attenuated by PBC for intention [Hagger, Chatziasarantis, & Biddle, 
2002]. PBC also was found to have a direct effect on behaviour, so both an indirect (through 
intention) and direct effect on PA was evident. The authors note that it would be of interest to 
determine whether PBC is related to both internal and external influences [Hagger, 
Chatziasarantis, & Biddle, 2002]. In general, the researchers found that attitudes are important 
for influencing intention to be active, and although slightly less so than attitudes, albeit still 
important, PBC and self-efficacy [Hagger, Chatziasarantis, & Biddle, 2002] are also important. 
They also explored past behaviour, and found that it attenuated the relationships [Hagger, 
Chatziasarantis, & Biddle, 2002].  
 
 
It is suggested that the relative influence of each of the TPB constructs vary according to the 
behaviour and the population [Ajzen, 1991].  Indeed, this theory has been used considerably 
for explaining participation in PA, exercise or other activity related behaviours (e.g., strength 
training) among various populations, including older adults [Courneya, 1995; Conn et al., 2003; 
Benjamin, Edwards, & Bharti, 2005; Dean, 2006], children and youth [Mummery et al., 2000; 
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Foley et al., 2008; Cottrell et al., 2012], women [Conn, 1998; Conn et al., 2003; Tavares et al., 
2009], those from low socio-economic groups [Armitage & Sprigg, 2010], and ethnicity/culture 
[Trost et al., 2002; Hagger et al., 2007; Martin et al., 2007; Blanchard et al., 2008]. Moreover, 
Armitage [2005] also extended the use of the theory in looking at maintenance of the behaviour 
using a longitudinal study finding that perceived behavioural control was predictive of intention 
and behaviour and that success in performance increased PBC.  
 
The Hierarchy of Effects Model [McGuire, 1984] is often used in the planning, and to some 
extent, the evaluation of communication campaigns [McGuire, 1984; Bauman et al., 2008; 
Craig et al., 2010]. This model builds on the TPB previously described, and suggests the 
effects of communication campaigns are sequenced from short-term to long-term effects. The 
initial reach of a communication strategy is indicated by the level of community awareness 
(assessed as unprompted and prompted recall of the message). Subsequent impact is 
assessed through changes in message understanding, beliefs about the benefits of PA, 
intention to be active and first steps taken toward becoming active through to overall PA level 
[McGuire, 1984]. 
 
The strength of the literature shows fairly consistent findings that self-efficacy, which is an 
important element of many cognitive theories, is positively associated with adult physical 
activity [U.S. Department of Health and Human Services, 1996; U.S. Department of Health and 
Human Services, 2008]. There are limitations, however, with the studies that should be noted. 
Many studies have a cross-sectional design, which prevents causal inferences [Hagger & 
Chatzisarantis, 2009]. Longitudinal studies would contribute to the knowledge by providing 
information on changes in cognitive factors at various stages in the process of changing 
behaviour, which is important in determining whether they influence maintenance of PA 
[Hagger & Chatzisarantis, 2009]. In addition, the manner in which the construct is 
operationalized is also important as well as providing measures of reliability and validity 
associated with the constructs [U.S. Department of Health and Human Services, 1996; U.S. 
Department of Health and Human Services, 2008]. As cognitive measures tend to use a self-
report methodology, considerations of social desirability must be recognized [Blue, 1995]. 
Beyond the cognitive measures, the self-report measures representing PA can also involve 
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inherent measurement issues, such as limitations to single-domain, over-estimation, and the 
time frame of the instrument. 
 
2.3 Environmental research: considering the potential 
impact of the physical environment and neighbourhood 
 
Since the late-1990s, there have been an increasing number of studies that explore the 
relationship between the physical environment and PA [Sallis, 2009]. According to Brownson et 
al. [2009], the physical environment can include the built and natural environment and 
transportation system, whereby: 
 the built environment represents the “physical form of communities”, such as 
buildings, spaces, and objects created by individuals [Sallis, 2009] and land use. 
 the natural environment includes the places people can be active and where 
nature can change PA behaviours (e.g., climate, weather, geography) [Sallis, 
2009]. 
 the transportation system includes transportation facilities and services available, 
such as bicycle lanes [Brownson et al., 2009]. 
Sallis, in examining the history of these measures, indicates that the built environment is 
typically governed or guided by policy, which in turn influence opportunities in the community 
[Sallis, 2009]. Brownson and colleagues [2009] state that conceptual models that support 
research on the built environment indicate that different physical activities with different 
purposes (or different domains) are influenced by different aspects of the environment (for 
example, availability of recreation facilities for leisure time activities and availability of sidewalks 
or bicycle lanes for active transportation). A framework put forward by Pikora et al. [2003] 
suggests that environmental influences on walking and cycling includes four features: 
functionality, safety, aesthetics, and destination; as well as the factors that contribute to each of 
these features of the environment. As such, environmental measures need to reflect this, and a 
range of measures, are important.  
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The development of measures assessing the environment have evolved over time, and 
currently three types of measures are generally used [Brownson et al., 2009; Sallis, 2009]; 
these include systematic observations or audits, self-report questionnaires, and geographical 
information systems (GIS). GIS are systems which compile data for managing, analysing, and 
understanding data based on one or more sources that represent some geographic 
considerations [ESRI, 2014].  Currently, these types of data sources in the literature may 
include population density, land-use, street patterns, sidewalks, traffic considerations, access 
to recreational facilities, public transportation, crime, and other measures which are described 
further below [Brownson et al., 2009]. In a review of studies using GIS measures, Brownson 
and colleagues [2009] found that the methodological considerations of these measures were 
variable from study to study, making it difficult to compare results. In the review, Brownson and 
colleagues [2009] provided an overview of the GIS measures used in the studies in the review. 
These are summarized very briefly here. To begin, population density is a popular measure for 
the built environment and PA within the domain of transportation, and commonly examines 
population per total land area and housing units per residential acre. Generally speaking, 
population density has been consistently associated with walking for transportation [Brownson 
et al., 2009]. Land use mix can include accessibility measures such as distance between 
residential and non-residential land use, count and density of destinations, proportion of area 
for different types of land uses, and pattern of land use. In their review, the authors indicated 
that there are relationships between land use and PA in some studies, however, there was 
inconsistency as to which yielded the strongest relationship [Brownson et al., 2009].  Duncan 
and colleagues [2010] suggested that lack of relationships may be due in part to the fact that 
geographical scale may not be taken into account. Street pattern has also been studied 
(including the number of intersections per area and per street network, and percentage of 4-
way intersections) and although relationships exist, there are inherent methodological 
considerations with these measures, such as excluding pedestrian networks, or handling 
certain types of limited access roads [Brownson et al., 2009]. Access to recreational facilities 
can include measures such as the distance to the nearest facility, number of facilities, 
proportion of residential areas with recreational facilities, and accessibility to open spaces 
adjusted for attractiveness of the facility. Variability in findings exists among these measures 
[Brownson et al., 2009]. Traffic, crime, sidewalks, and other types of measures are also 
considered, and findings varied among studies. Although valuable in the addition of objective 
data, limitations which exist with GIS data include a lack of standardization of definitions or 
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operationalization of measures, cost to collect, access to data, time required to analyse, and 
variable quality of the features and facilities [Brownson et al., 2009]. 
 
Community audit tools measure the environment through personal observation. Generally, 
these can include data that can be obtained beyond that measured through GIS, and involves 
coding the environment characteristics in a systematic manner [Brownson et al., 2009]. 
Typically, a sample segment of a neighbourhood is assessed, and can include land use, streets 
and traffic, sidewalks, bicycle lanes, facilities in public spaces, building characteristics, parking 
maintenance, and safety factors [Brownson et al., 2009]. Although this type of measure 
requires considerable time, effort, training and technical skills, it can provide useful data 
beyond GIS along with self-report measures that can be useful to researchers and community 
planners. 
 
Many of the studies in the literature are based on self-report or perceived measures about the 
environment or neighbourhoods in which people live. Based on the number of studies involving 
perceived environment, several reviews and meta-analyses have been conducted [Saelens et 
al., 2003; McCormack et al., 2004; Owen et al., 2004; Duncan et al., 2005b; Gebel et al., 2007; 
Saelens et al., 2008; Brownson et al., 2009] on environmental influences and findings from this 
literature varied. Saelens and colleagues conducted a review and concluded that residents 
within high residential density, greater connectivity, and greater land use had higher rates of 
walking and bicycling for utilitarian reasons [Saelens et al., 2003]. Another review of 18 studies 
indicated that aesthetics, convenience of facilities with respect to walking, including sidewalks, 
accessibility of destinations, and perceptions about traffic were found to be associated with 
specific reasons for walking – for example, walking for exercise, walking for transport [Owen et 
al., 2004]. Differences in study findings in the current literature may reflect differences in 
populations studied and their perceptions, and considerations with geographical information, 
and ensuring the measures represent the construct being studied (i.e., different types of 
walking) [Lovasi et al., 2008]. McCormack and colleagues [2004] also reviewed the literature 
examining relationships between the physical environment and PA. They observed positive 
associations between availability, accessibility and convenience of destinations/facilities, 
neighbourhood features and aesthetics and PA. Duncan, Spence and Mummery [2005b] 
conducted a meta-analysis of 16 studies to explore the relationship of perceived environment 
and PA.  The odds (adjusted odds for some studies) were log-transformed to produce 
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approximately normally distributed values and weighted by the individual study weights.  
Recognizing that environmental attributes may influence PA behaviour differently in various sub 
groups of the population (e.g., safety may be of higher concern to women and, therefore 
impose more of a perceived barrier to walking among women than among men), adjusted odds 
were presented and they found that people who reported that heavy traffic explained the least 
amount of variance, followed by facilities and sidewalks, whereas shops and services explained 
the most variance [Duncan et al., 2005b]. Ideally, a meta-analysis of this nature that is intended 
to explain the relationship of various environmental factors to PA would be based on 
intervention or prospective studies of those who move from one built environment to another of 
a different type. However, given the relatively early stage of research in this area (e.g., 
compared to behavioural theory), a meta-analysis of cross-sectional studies is beneficial in 
synthesizing potential effects and shaping a research agenda. Based on the findings of the 
meta-analysis, the authors suggested that providing pedestrian friendly modifications and road 
modifications to reduce traffic, may contribute to sustainable increases in activity levels 
[Duncan et al., 2005b]. They also suggested that policy level changes may influence activity 
levels by providing safe environments close to the home, green space and other recreational 
locations which can be used for PA, active transport routes separate from vehicle traffic, 
pedestrian friendly modifications, and increases in school physical education, which can help 
make PA an easier "choice" [Duncan & Mummery, 2005a]. Saelens and Handy [2008] 
reviewed 13 reviews and 29 original studies involving the relationship between the built 
environment and transportation and recreational walking. This review of reviews supported the 
earlier findings about the relationship between walking for transportation and residential 
density, land use mix, and also distance to non-residential destinations, however, the 
researchers found that the relationship between these environmental variables and recreational 
walking were not evident [Saelens & Handy, 2008]. The authors also noted that infrastructure 
such as sidewalk availability and their condition was less consistently related to walking for 
transport and more so for walking for recreation [Saelens & Handy, 2008]. A study exploring 
the association between self-reported walking and environmental perceptions in the U.K. found 
that although both men and women had generally positive views of their environment with 
respect to walking, differences existed by gender [Foster et al., 2004]. Based on findings using 
a logistic regression model, women who felt it unsafe to walk during the day were less likely to 
walk at least 15 minutes per week in the prior four weeks compared to women who felt more 
safe, and women who said that they did not have a shop within walking distance were less 
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likely to walk this much [Foster et al., 2004]. Among men, having a park or open space within 
walking distance was associated with walking more than 150 minutes per week [Foster et al., 
2004]. Another U.K. study explored the relationship between walking and other physical 
activities by objectively measured environmental measures, such as distance to swimming 
pools, sport facilities, and public green space, as well as level of traffic and crime [Foster et al., 
2009]. Using a multiple regression analysis, it was determined that cycling was associated with 
traffic level for both men and women, whereby cycling dropped as traffic increased [Foster et 
al., 2009]. The authors noted limitations in that the analysis was based solely on self-report 
measures, and there were limitations in assumptions made regarding the environmental 
variables used in the study when data on the location where the adults were actually active, 
were not available [Foster et al., 2009].  
 
Brownson et al. [2009] also conducted a review of studies of self-report measures. In their 
review, the authors indicated that land use, traffic, aesthetics, and safety in the neighbourhood 
were measured most frequently, and that the Neighborhood Environment Walkability Scale 
(NEWS) and its abbreviated versions (ANEWS) was the survey instrument most frequently 
used. This section discusses research associated with these particular self-report measures. 
The NEWS [Saelens et al., 2003] and the abbreviated NEWS, called ANEWS, [Cerin et al., 
2006] are the measurement tools used by the International Physical Activity and the 
Environment Network whose purpose is to provide valid, reliable and consistent measurement 
tools across countries. A study by Cerin et al. [2006] found acceptable factorial and criterion 
validity of the NEWS and the ANEWS, where the scales that operationalized differences in 
access to destinations, residential density, walking infrastructure, aesthetics, safety and crime 
were positively associated with walking for transport, whereas aesthetics, a mixture of 
destinations, and residential density were positively associated with recreational walking. A 
study by Saelens et al. [2003] found that the NEWS items had moderate to high test-retest 
reliability. In this study it was also observed that those in higher walkable neighbourhoods 
indicated higher residential density, land use mix, street connectivity, aesthetics, safety, and 
had more minutes of PA and lower obesity than those in less walkable neighbourhoods. 
 
A study by Gebel and colleagues [2011] looked at the comparison between perceptions (using 
the NEWS) and objective assessment (GIS) of neighbourhood walkability with walking and 
weight. This Australian study found that adults that viewed their neighbourhood as highly 
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walkable and residential density or land mix as low, reported less walking (for transport) and 
had higher body mass index compared to those whose subjective and objective measures 
were both high [Gebel et al., 2011]. Moreover, Gebel and colleagues found in a 2009 study that 
there generally was fair agreement between objective walkability (measured via GIS) and 
perceived walkability (NEWS). Among those living in highly walkable areas, certain 
characteristics distinguished those with concordant perceptions of their neighbourhood and 
those with non-concordant perceptions.  Not having a university education, having lower 
household incomes, being overweight, and walking for transport less often [Gebel et al., 2009] 
were associated with having non-concordant perceptions of their high walkable environments.  
 
A multi-country study [Sallis, 2009] with the purpose of determining the variability of NEWS 
items and found that most environmental characteristics were associated with an increased 
likelihood of sufficient PA (meeting guidelines for PA), including many shops nearby, transit 
stops in neighbourhood, sidewalks on most streets, bicycle facilities, and low-cost recreational 
facilities. The study found that single-family homes and perceived crime, however, were not 
significantly associated with PA. Indeed, the research also found that there was a linear 
relationship between the number of environmental attributes (those described above) and PA, 
in that those reporting more supportive attributes were more likely to be active [Sallis, 2009]. 
The one attribute with the highest odds ratio was the availability of sidewalks on most streets in 
the neighbourhood [Sallis, 2009], which has the potential for influencing various modes of PA. 
In Australia, a modified version of the NEWS was used to compare neighbourhoods that 
differed based on GIS indicators [Leslie et al., 2005]. Those living in highly walkable 
neighbourhoods reported higher rates of residential density, land use mix, and street 
connectivity, whereas safety, traffic and crime did not vary. These measures had moderate to 
high test re-test reliability [Leslie et al., 2005]. A study in the U.S. used the NEWS measures 
and found that supportive walking and bicycling opportunities, availability of free or low cost 
recreational facilities, and low neighbourhood crime were positively associated with PA 
[Ainsworth et al., 2005]. Moreover, the ANEWS was used in a study in the Czech Republic, 
finding that among men, the type of dwelling (i.e., single family dwellings) were positively 
correlated, whereas for women, fewer non-sport facilities and less access to shops was 
negatively associated with step counts using pedometers [Sigmudova et al., 2011]. These 
researchers also found that those who perceived their neighbourhoods to be pleasant and had 
better access to shops tended to meet the PA recommendations [Sigmudova et al., 2011]. 
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Spittaels et al. [2009] describes the NEWS as the one set of measures commonly used in 
European studies. For example, Van Dyck and colleagues [2011] used NEWS measures in 
their study and found that perceived highly walkable neighbourhoods (high residential density, 
high land use mix access, and high land use mix diversity), convenient recreation facilities, and 
available PA equipment at home were the most consistent physical environmental correlates of 
PA. 
 
There are limitations to the environmental data that should be noted.  The majority of studies 
are cross-sectional in nature; however more longitudinal data is required in order to understand 
the relationship between environmental factors and changes in behaviour [Ogilvie et al., 2007]. 
There are also concerns about the interpretation of the scale of neighbourhood being explored, 
whereby there may be discrepancies between an individual’s interpretations of the term 
“neighbourhood” in a geographical sense of the term, in that it may vary from individual to 
individual. Indeed, Smith et al. found that respondents typically interpreted a smaller 
neighbourhood area than that used in definitions in research related to the physical 
environment [Smith et al., 2010]. The limitations of the NEWS may also include the scope of 
the measure as it assesses agreement with the presence of PA related facilities in the 
neighbourhood. In countries where facilities or amenities supporting PA are prevalent (for 
example, the availability of sidewalks) the lack of variation in neighbourhoods may require the 
use of additional measures, in order to provide a finer grain of detail. In addition, the questions 
used in an abbreviated version of the NEWS may not necessarily be appropriate measures for 
rural [Sallis et al., 2009] or further isolated communities, such as those found in Canada.  
 
Given it is relatively early in the development of research on the environmental impacts on PA, 
many studies may not have the same degree of rigor as studies involving individual factors, 
which benefit from a long history of research. This point is discussed by Gebel et al. [2007] who 
systematically appraised the literature reviews exploring the relationship between PA and the 
environment (reviews conducted between 2000 and 2005). These researchers reported that 
many of the reviews omitted studies that could have been included in the review, and at times 
incorrectly reported study findings, concluding that standardization in the reporting of review 
methods are important for examining the influence of physical environments on PA. For 
example, in eleven studies that they reviewed, only two studies were deemed comprehensive 
for including most relevant studies, where the others included less than two-thirds of the 
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relevant studies or did not provide any details about them, which could result in biased 
conclusions [Gebel et al., 2007]. In addition, some study findings were reported inaccurately, or 
only significant findings were reported [Gebel et al., 2007]  Bauman [2005] also states that 
although many cross sectional studies have indicated small associations between 
environmental measures, diet and PA, specific “solve-all” correlates which may considerably 
improve public health interventions, have yet to be determined. 
 
In summary, research in this area has found that many environmental characteristics were 
associated with an increased likelihood of sufficient PA (meeting guidelines for PA), including 
many shops nearby, transit stops in the neighbourhood, sidewalks on most streets, bicycle 
facilities, and low-cost recreational facilities, whereas neighbourhoods consisting of primarily 
single-family homes, in addition to perceived crime, were not significantly associated with PA 
[Sallis, 2009]. In essence, perceived highly walkable neighbourhoods could be characterized 
with higher residential density, greater land use mix, street connectivity, aesthetics, and safety. 
Given the current gaps in the literature, particularly in informing health interventions, and the 
need to progress the literature that is relevant to a variety of countries, NEWS was chosen as 
the measure of the physical environment in this thesis. Despite its limitations noted above, it 
has reasonable properties (reliability and validity against objective measures) and its adoption 
by the International Physical Activity and Environment Network to serve as a measure for 
comparison across countries increases the generalizability of the findings from this thesis to 
other countries with similar environmental characteristics to those in Canada. 
 
2.4 A socio-ecological approach: a framework for 
understanding multiple influences 
 
With the recognition of the role of the physical environment in influencing activity, more 
widespread use of ecological models [Giles-Corti et al., 2005; Sallis, 2009] were developed to 
examine the multiplicity of factors influencing PA and to provide a framework for interventions 
at an individual level (demographic and psychological factors), a social level, a community 
level, a physical environmental level, and a policy level [Sallis et al., 2006; Sallis et al., 2009]. 
These factors interact with each other and need to be considered as such. For example, 
strategies that are targeted to the community level rely on individual-level factors, and 
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conversely, those aimed towards the individual are also influenced by community or 
environmental factors [Satarino & McAuley, 2003; Sallis et al., 2006; Hall & McAuley, 2010]. In 
1998, a review of correlates of PA participation found that individual-level variables including 
socio-economic status and perceived self-efficacy were strongly and consistently related to PA, 
whereas the association with the physical environment, skills and certain behavioural 
characteristics varied [Sallis et al., 1999].  A later review supported earlier findings including the 
relationship with self-efficacy, and in addition found that certain demographic characteristics, 
behaviours such as smoking, certain barriers (i.e., lack of time), past exercise behaviour, and 
several environmental measures were associated with PA [Trost et al., 2002].  
Since this time, several studies have utilized this approach when looking at PA more broadly. A 
study based on Canadian data looked at the relationship of individual, social, and 
environmental factors on PA more generally [Pan et al., 2009]. In that particular study, social 
support was not related to PA, facility availability was positively associated with PA only among 
those with a university education, and self-efficacy and intention had the strongest association 
and largest effect on PA [Pan et al., 2009]. Another Canadian study examined the role of 
perceived behavioural control in mediating neighbourhood walkability, and moderate- and 
vigorous-intensity PA [McCormack et al., 2009]. Results from this study indicated that for 
women, easy access to places to be active was positively associated with participation in 
moderate- and vigorous-intensity PA, having many shops and places within walking distance 
was positively associated with moderate intensity PA, whereas sidewalks on most streets and 
crime rate in the neighbourhood were negatively associated with moderate intensity PA. For 
men, easy access to places to be active was positively associated whereas crime rate was 
negatively associated with vigorous-intensity PA [McCormack et al., 2009]. Further, perceived 
behavioural control mediated the relationship between easy access to places and PA for men 
and women [McCormack et al., 2009]. In a US study, McNeill and colleagues [2006] used a 
socio-ecological model of PA in order to look at the direct and indirect effects of these factors. 
Similar to the Pan et al. study, self-efficacy was found to be strongly related to intensity of PA, 
physical environment was directly related to PA and social support was indirectly related 
through motivation and self-efficacy [McNeill et al., 2006]. A Japanese study found that only 
self-efficacy was directly related to moderate- and vigorous-intensity PA (excluding walking) 
and that the physical environment indirectly influenced moderate- and vigorous-intensity PA 
through self-efficacy, social support and outcome expectancies [Ishii et al., 2010]. An Australian 
Chapter Two – An overview of the literature 
 
Page 25 
 
cross-sectional study looked at the contribution of individual, social, and environmental factors 
to activity level (individual and area level) for socio-economic (SES) groups [Cerin & Leslie, 
2008]. Looking at independent effects, these researchers found that for all the SES measures 
(education, household income, area level household income), self-efficacy, perceived benefits, 
family social support, mental health, and perceived neighbourhood traffic hazards and crime 
were also significant in directions that would be expected. Moreover, physical barriers to 
walking and individual sport facilities for both income measures, social support of friends, 
presence of open space, team sport facilities, neighbourhood aesthetics were related to area 
level income, whereas home equipment and physical activity were related to individual level 
measures [Cerin & Leslie, 2008]. These researchers also found that the effects of income (both 
household and area level income) on recreational walking were fully explained by self-efficacy, 
social support, and barriers to walking, and most of the effects of education on this type of 
walking were explained by self-efficacy and social support from family [Cerin & Leslie, 2008]. 
Moreover, Duncan and Mummery [2005a] also used a socio-ecological model for PA, finding 
that connectivity, distance to parks, number of active people within a 1 km radius (middle 
tertile), and perceptions of cleanliness and tidiness of the neighbourhood were positively 
associated with increased likelihood of achieving sufficient levels of PA. However, a greater 
distance to footpaths was associated with lower odds of recreational walking, and 
disagreement with poor conditions of footpaths, number of dogs within a certain distance 
(middle tertile), and  a greater  distance to a news agent were associated with the likelihood of 
walking for recreational purpose [Duncan & Mummery, 2005a].  
 
More specific research using this type of socio-ecological approach has also investigated PA in 
specific populations. For example, Cleland and colleagues conducted a study in Australia using 
a socio-ecological framework to predict PA among women residing in disadvantaged 
neighbourhoods [Cleland et al., 2010]. Using a multinomial logistic regression, all individual 
(self-efficacy, enjoyment, intention, outcome expectancy, skills) and social factors (childcare, 
social support from family and friends, dog ownership) were positively associated with leisure 
time PA, whereas certain individual factors (self-efficacy, enjoyment, intention), social support, 
and the neighbourhood walking environment were associated with transport related PA 
[Cleland et al., 2010]. Further, based on a study in Andalusia, Spain, which is characterized by 
the lowest socio-economic levels and low rates of PA, Bolivar et al. [2010] examined socio-
demographic, physical and social environmental factors on PA among an adult population. 
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These researchers found that individual factors are important, however, for the environmental 
factors, only perceptions about the amount of green space in the neighbourhood were 
significant for men and women [Bolivar et al., 2010]. Another study examined individual, social, 
and environmental barriers for PA among older women [Hall & McAuley, 2010] and found that 
those who were less active (<10,000 daily steps) had lower self-efficacy ratings, more 
functional limitations, fewer close walking paths, less street connectivity and reduced 
perceptions of safety from traffic. Hall and McAuley had hypothesized that the individual factors 
would be more strongly associated with step counts among their population than the social and 
environmental factors, and found that indeed, this was the case [Hall & McAuley, 2010]. 
Blanchard and colleagues [2005] studied socio-ecological correlates of PA in relation to weight 
status and found that self-efficacy, social support, and access to facilities within a 
neighbourhood were positively related to PA, however, varied according to weight status of the 
individual. This type of framework has also been used on youth and found that differences 
appear between boys and girls, whereby PA of boys was associated with unstructured and 
social activities and girls’ activity was associated with barriers and proximity to schools 
[Patnode et al., 2010]. Moreover, in a study conducted in New Zealand, Maddison et al. [2009] 
examined individual factors adopted from the Theory of Planned Behavior and the physical 
environment in relation to PA among adolescents. Findings from this study indicated that the 
individual factors, or those related to the Theory of Planned Behavior were the strongest 
determinants to PA (both subjective and objective), perceived environmental measures were 
directly related to self-report PA, and the built environment measures were not directly or 
indirectly related to the measures of activity [Maddison et al., 2009]. In a U.K. study, 
researchers examined environmental and individual factors in urban areas considered deprived 
[Cochrane et al., 2009]. These researchers included in a multi-level analysis nine individual 
factors including, intention and beliefs, access to shops, work, or fast food, weather, and age 
and gender, and four area level factors related to traffic, road casualties with public transport, 
damage related to crime, and access to green space [Cochrane et al., 2009]. Cochrane and 
colleagues found that the largest explanatory contribution to the model was made by intention 
and beliefs which suggest that cognitive factors may mediate PA, although the variance over 
these factors also suggest other environmental factors may not be mediated by cognitive 
factors [Cochrane et al., 2009].  
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Relatively few studies have taken a socio-ecological approach for predicting walking more 
specifically. Two studies in Canada took such an approach and found that for walking 
behaviours, environmental factors were mediated by attitudes and intention [Rhodes et al., 
2006, Rhodes et al., 2007], and those with closer perceived proximity to recreation facilities 
showed a greater intention to walk [Rhodes et al., 2006]. An Australian study by Cerin et al. 
found that individual, social, and environment factors made a significant contribution to the 
relation between socio-economic status and walking for transportation [Cerin et al., 2009b]. 
Moreover, the number of motorized vehicles and aesthetics and greenery were the strongest 
mediators of the relationship between walking with income. The authors concluded that 
interventions that increase density of residences, reduce barriers to walking, increase social 
support, and provide a greener and a more aesthetic environment, especially in disadvantaged 
areas, may reduce inequities in terms of PA participation [Cerin et al., 2009b].  
 
Looking more broadly at self-rated health status, one Canadian study examined the effect of 
individual and neighbourhood characteristics on self-rated health and found that individual 
characteristics (specifically PA, alcohol consumption, community belonging, income and 
education) had a stronger effect on health status compared to neighbourhood characteristics 
[Walter Rsugu Omariba, 2010]. Strongegger, Titze and Oja [2010] conducted a study in Austria 
examining neighbourhood and the association with transport and leisure-time PA and self-rated 
health, finding that a neighbourhood with a high social environment was associated with higher 
health status and PA. Further, satisfaction with local infrastructure was associated with PA for 
transport purposes and the type of transport related PA differed by gender where more men 
bicycled and more women walked. 
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Summary of Chapter Two 
 
The purpose of this Chapter was to provide a summary of the relevant literature pertaining to the research 
questions of this thesis. This includes:  
 a brief overview of the literature pertaining to theories of behaviour which focus on an individual, with a 
particular focus on the Theory of Planned Behavior as a foundation for the research questions and data 
analysed in this thesis;  
 a brief synopsis of the literature involving the physical environment, including a quick summary of the 
types of measures used to assess the walkability and supportiveness of the physical environment and 
the neighbourhood; 
 a short summary of the literature pertaining to a socio-ecological approach to examining PA and walking, 
as the integral model as the foundation for this thesis. 
 
 
The theories of behaviour were originally developed to understand behaviour, and most either incorporate a 
progression, or else an influence of behaviours on another, towards achieving a given behaviour. To begin, a very 
brief overview various socio-cognitive theories are summarized. For the purposes of this thesis, however, the 
Theory of Planned Behavior was integral for providing a framework for the constructs incorporated in the 
surveillance systems which have been used to inform the analyses in this thesis. Therefore, more detail about this 
theory is described in this Chapter. In essence, this theory posits that positive attitude, subjective norm, and 
behaviour control will influence an individual’s stronger intention to perform the behaviour [Ajzen, 1985; Ajzen, 
1991]. A review indicated that behavioural beliefs are positively correlated with attitude, whereas normative beliefs 
are correlated with subjective norms, and attitude (and rarely, subjective norms) was predictive of intention. 
Intention, in turn, was predictive of behaviour in most studies. The Theory of Planned Behavior may not 
necessarily account for other cognitive influences on the theory’s constructs, such as motive; however, as a 
popular framework for predicting behaviour from an intrapersonal perspective and providing direction for many PA 
interventions, this theory is used as a basis for conceptualizing constructs for later Chapters (Chapters Four and 
Six).  
 
More recently, there has been a shift in the research to investigate the relationship between the physical 
environment and PA. In general terms, activities of varying purposes are influenced by varying aspects of the 
environment [Brownson, 2009]. For example, some reviews indicate that relationships between residential density, 
land use mix, and also distance to non-residential destinations are important for transportation related walking, but 
are not as significant for recreational walking [Saelens & Handy, 2008].  To set the stage, an overview of various 
measures popular in the literature to assess the physical environment has been provided as background. Despite 
tremendous evolution of the use of GIS informed measures to assess the physical environment (e.g., population 
density, land-use, street patterns, presence of sidewalks), much literature in the field is still based on self-report or 
perceived measures about the environment or neighbourhoods. One of the most common set of self-report 
measures used in research in this field are derived from the Neighbourhood Environment Walkability Scale, and 
an adapted version of this set of indicators have been used in this thesis (Chapters Five and Six) due to their 
popularity internationally, reliability, and validity testing. Research in this area has found that many environmental 
characteristics were associated with an increased likelihood of sufficient PA (meeting guidelines for PA), including 
many shops nearby, transit stops in the neighbourhood, sidewalks on most streets, bicycle facilities, and low-cost 
recreational facilities, whereas neighbourhoods consisting of primarily single-family homes, in addition to 
perceived crime, were not significantly associated with PA [Sallis, 2009]. In essence, perceived highly walkable 
neighbourhoods could be characterized with higher residential density, greater land use mix, street connectivity, 
aesthetics, and safety. Given the relationship of these measures to walking and PA, measures assessing the 
walkability of the physical environment and neighbourhood are essential components and have shaped the 
investigation of this thesis. 
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Finally, the Chapter sums up by exploring the use of ecological models, recognizing the role of the multiplicity of 
factors influencing PA and to provide a framework for interventions at an individual level (demographic and 
psychological factors), a social level, a community level, a physical environmental level, and a policy level [Sallis et 
al., 2009; Sallis et al. 2006]. Several studies have utilized this approach when looking at PA [Pan et al., 2009; 
McCormack et al., 2009; McNeill et al., 2006; Cerin & Leslie, 2008]. However, there is relatively limited data 
exploring both the contribution of individual, social, and physical environment level factors on both physical activity 
and walking behaviours. This thesis will use nationally representative studies to explore the relationship of these 
factors to physical activity and walking, first through examining prevalence estimates and associations between 
factors, then exploring the relative contribution of factors in predicting PA and walking.  
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3.1 Introduction 
 
This Chapter describes the research methods and the measurements used in this thesis. The 
measures span potential influencers of PA and walking at the individual, social, and built 
environment levels described in Chapter Two. The studies that are analysed in this thesis were 
conducted within a national PA surveillance system and involve representative samples of the 
Canadian adult population. This Chapter is divided into the following sections: 
 
Overview of population surveillance of physical activity in Canada (section 3.2)  – This 
section provides a brief overview of some of the recent and current national public health 
surveillance surveys in Canada that have included PA measures, or their correlates. This 
section also provides a very brief overview of the historical development of the PA measures 
that are used throughout this thesis. 
 
Overview of the Physical Activity Monitor (section 3.3) – This section provides a brief 
overview of the PA surveys used in Canada, known as Physical Activity Monitors (PAM) and 
these form the primary data sources for this thesis. 
 
Summary of protocols for the Physical Activity Monitors (section 3.4)  – This section 
reviews the sampling, data collection and coding methods utilized in the Physical Activity 
Monitors; this section includes information on the interview method, sample selection, the 
protocols for call backs, and the achieved response rate. 
 
Review of measures collected in the Physical Activity Monitor (section 3.5) – This section 
describes the specific measures [variables] from the Physical Activity Monitors that are used 
throughout this thesis. 
 
Analytic techniques (section 3.6) – This last section briefly describes the process and 
procedures used for the analyses presented in this thesis. Included here are the approaches to 
describing the data, the application of sample weights, and the application of statistical 
modelling techniques.  
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3.2 Overview of population surveillance of physical activity 
in Canada  
This section describes some of the recent large scale, regularly-conducted, national 
surveillance studies that incorporate measures of PA in Canada. The purpose of this section is 
to provide a background to the population data sets used in this thesis.  
Statistics Canada’s General Social Survey (GSS), which was originally established in 1985, 
conducts repeated cycles of surveys of representative samples of Canadians, in order to 
examine key social issues over time. One of these surveys involved the collection of reported 
time spent (‘time use’) in various activities, including time spent in active leisure, sport 
participation, and sedentary time. The ‘time use’ data were collected using a 24-hour time diary 
where participants (Canadians aged 15 years and over) recorded the time that they had spent 
in each activity during the day. Since the establishment of the GSS, over the years (1985 - 
current) the sample size has ranged between approximately 8,700 and 17,700 [Hurst, 2009].  
Based on trend data from the GSS, participation in active leisure increased from 21% in 1992 
to 24% in 2005, averaging 1 hour and 46 minutes of time spent on these types of activities on a 
given day in 2005 [Hurst, 2009]. 
Statistics Canada’s National Population Health Survey (NPHS) was initiated a decade later (in 
1994), with the expressed purpose of increasing the evidence for developing and evaluating 
health policies and programs in Canada. This survey examined PA as a risk factor for health 
conditions. Data were collected over a 12-month cycle every two years. These surveys 
comprised a longitudinal cohort (initially approximately n=17,000) and this has been 
supplemented with a cross-sectional sample in order to provide a snapshot of health related 
policies and programs.  
 
Statistics Canada also developed the Canadian Community Health Survey (CCHS) from 2000 
onwards with the primary purpose of examining information related to health information 
systems (health status and determinants, health care utilization and access). This survey is a 
cross-sectional survey, which now collects data on an annual basis. Previously, data collection 
occurred every two years between 2000 and 2005, and yielded large samples of approximately 
135,000 Canadians in each survey period, in order to provide public health data estimates at a 
health regional level. 
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In both the NPHS and CCHS surveys, the PA indicators measure the single domain of “leisure 
time PA” (LTPA), using an adapted version of the Minnesota Leisure Time Physical Activity 
Questionnaire (MLTPAQ) [Taylor et al., 1978]. These versions probe recall of participation in 
physical activities during the previous 3 months. Activity level is calculated by multiplying the 
occasions by the average time reported for each activity by the metabolic equivalent (MET) 
which indicates the amount of energy expended on the activity relative to a resting state value 
for each of these activities [Ainsworth et al., 1993]. Given the question is based on 3 month 
recall, in order to calculate the yearly total this product is multiplied by 4. This calculation is 
repeated for each PA reported. Subsequently, the energy expenditure value is summed across 
each activity then divided by 365 to yield the average energy expenditure from leisure time PA 
per day.  
 
Based on the trend data from the NPHS and CCHS surveys, leisure time PA of the adult 
population increased in Canada from 1994 to 2003, and has remained relatively stable since 
that time. Currently, federal, provincial, and territorial governments use this data source for 
tracking PA levels of Canadians. Within these Canadian studies, PA has been examined as a 
risk factor for health surveillance. For example, the GSS surveys examines time spent in active 
leisure, sport participation, and sedentary time and their relation to other social issues, while 
the NPHS/CCHS studies look at leisure-time PA as part of policies and programs related to 
health more generally.  
 
In Canada, there has been a long-standing history of surveillance of PA specifically for the 
purpose of assisting in the design, development and implementation of policies to increase PA 
levels among the nation. The Canadian Fitness and Lifestyle Research Institute (CFLRI) is a 
research organization that has been tracking population PA levels of Canadians, as well as 
factors associated with PA since 1981. Indeed, the 1981 Canada Fitness Survey was the first 
large scale national study examining PA levels and measures of fitness in Canada (Stephens 
et al., 1986a; Stephens et al., 1986b). The long-standing nature of CFLRI’s PA surveillance in 
Canada is a particular strength of this data source, and Canada represents one of few 
countries that have tracked PA for such an extended period of time with consistent measures.  
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The CFLRI’s current Physical Activity and Sport Monitoring Program was established in 1995, 
and includes: 1) the Physical Activity Monitors (PAM), which are representative annual 
population-based studies of PA along with associated correlates of PA; 2) representative 
studies involving objective measures of PA of young people (CANPLAY study); and 3) surveys 
of settings to determine the policies and practices of the systems to support PA. This set of 
surveillance measures is comprehensive in nature and represents an additional strength of 
these data sources. Studies based on the Physical Activity Monitor have shown that leisure 
time physical activity levels have increased over a twenty year period from the 1980s to 2000 
[Craig et al., 2004]. 
 
3.3 Overview of the Physical Activity Monitors 
This section provides some background on the development of the Physical Activity Monitors 
(PAMs) as the 2003, 2004, and 2007 PAMs are the central sources for the secondary analyses 
reported in this thesis. More detailed descriptions of PAM methods are reported in sections 
below and further background has been published elsewhere [Cameron et al., 2004, Cameron 
et al., 2005, Craig et al., 2004, Canadian Fitness and Lifestyle Research Institute, 2008].   
 
The PAMs represent annual population-based surveys that form one component of the larger 
Physical Activity and Sport Monitoring Program of the CFLRI, which is described briefly in the 
preceding section. The PAMs are national, random-digit dialling telephone-based surveys of 
representative population samples. The surveys are cross-sectional studies and include 
samples ranging between 4,000 and 11,000, depending on the year conducted. 
 
Content for the PAMs was determined through several sources. To monitor outcomes that are 
relevant for PA, indicators from the literature summarizing the dose of PA required for health 
outcomes were reviewed and the findings from these were used to help build the case for 
action to support the long-standing program. However, to monitor the diverse range of 
individual, social and environmental factors that might influence participation, the intervention, 
determinants and correlates (cross-sectional associations) literature were used to develop 
indicators.  The PAMS follow a prescribed rotation of cycle of survey topics, as described in 
Table 3.1. The cyclical nature of the program in order to provide trend information over time is a 
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particular strength of this set of studies. In addition, PA information is collected over a full 
calendar year in order to reduce the potential of seasonal bias on the estimate, given the 
climate variations in Canada. 
 
Table 3.1: Topic themes for the Physical Activity and Sport Monitoring Program 
Population 
Data collection cycles 
1st 2nd 
A focus on individual factors related to PA, including awareness, 
knowledge, beliefs about the benefits, attitudes, intention, 
changes in behaviour 
1998 2003 (trend information 
compared to 1998 data 
contained in appendix) 
A focus on factors in the community related to PA, including the 
availability and usage of facilities, opportunities in the 
community that facilitate or hinder participation, as examples. 
1999 2004 (trend information 
compared to1999 data 
contained in appendix) 
A focus on factors related to PA behaviours of children and 
youth, including physical education opportunities, local 
opportunities to be active, parental involvement in child’s PA, 
preferences for types of activities, as examples. 
2000 2005 
A focus on factors related to PA behaviours of Canadian 
workers, such as perceived barriers and benefits of PA related 
to the workplace, fitness opportunities at work, attitude and 
support from the workplace, as examples 
2001 2006 
A focus on trends by examining key factors from the preceding 
surveys 
2002 2007 (trend information 
compared to 1998, 1999, 
2003, 2004 data contained in 
appendix) 
 
3.4 Data collection protocols for the Physical Activity 
Monitors  
 
The data collection protocols used in the PAMs, including the interview methods, sampling 
strategy, and response rate, are summarized in this section. Data collected from the surveys 
conducted in 2003, 2004 and 2007 form the basis for the secondary analyses reported in 
Chapters Four, Five, and Six. 
 
3.4.1 Collection/sampling: design and strengths and limitations 
 
The PAMs are national, random-digit dialling telephone-based surveys of a representative 
population sample. Although the national scope of the survey and the fact that the studies are 
representative of various specific populations (for example by sex, age, and socio-economic 
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groups) are strengths of the surveys, the surveys are cross-sectional in nature.  It is, therefore, 
only possible to assess associations, and monitor trends among different groups of Canadians.  
 
Interviewing for the PAMs has been conducted by the Institute for Social Research (ISR) at 
York University, Toronto on behalf of the CFLRI since 1995. This has ensured standard 
procedures over that period, with no changes in methods that might inadvertently impact 
secular trends. Through ISR, all research questions comprising the PAMs as well as the 
procedures undergo ethics review by the York University Human Participants in Research 
Committee, York University’s Ethics Review Board. This Review Board conforms to the 
standards of the Canadian Tri-Council Research Ethics guidelines. 
 
The PAMs are telephone-based surveys that use Computer-Assisted Telephone Interviewing 
(CATI) software. There are roughly 100-120 survey interviewers trained to interview for each 
survey. Surveys conducted by telephone interviewing are a relatively cost-effective and efficient 
way of surveying large samples. CATI software allows immediate data entry in electronic 
format and facilitates data quality by enabling coding through programmed lists or coding of 
question order [Choi, 2004]. Additional benefits can include random selection of respondents, 
computerized scripts, scheduling additional calls, as well as facilitating responses to sensitive 
questions [Choi, 2004]. Despite benefits of CATI, there are also some limitations associated 
with this type of interviewing. Some of these limitations have been summarized in the literature 
[Choi, 2004], including: significant cost required for initial setup of system including the 
technological system of telephones; the computer equipment as well as personnel costs; time 
and effort required for computer programming and testing the survey instrument; limitation to 
households reachable by a telephone; dependent on timing of interview; potential bias towards 
individuals who are typically at home during interview periods (e.g., retired adults, 
homemakers); requirement for shorter duration of surveys in order to maintain the focus of the 
respondents; a recent surge in telemarketing or telephone surveys, impacting response rates; 
as well as some other new issues such as telephone coverage given cell phone usage [Choi, 
2004; Kempf et al., 2007]. In Canada, the overlap between the banks of telephone numbers for 
cellular phone and landlines may also pose an issue as cellular phone banks are released for 
interviewing in lots in which only a relatively small number of telephone numbers are actually in 
service. This adds to the cost of interviewing by increasing the number of calls to non-active 
numbers.  
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The PAMs applied a two-stage probability selection process to select a survey respondent. The 
first stage involved the selection of households by randomly selecting telephone numbers (i.e., 
constructed based on electronic version of telephone books or other available sampling lists to 
which additional random numbers are generated associated with the first three digits that 
represent a known exchange containing households), that is stratified by province and territory 
using a method of random digit dialling (RDD). A random sample of telephone numbers were 
selected to be called, however, these RDD samples may have included telephone numbers 
that may not be in service, business numbers, or other ineligible numbers. The second stage of 
sample selection involved the random selection of a respondent (18 years of age or older) in 
the household. Information on the age, as well as the number of adults in the household was 
obtained. When there was more than one adult living in the household, a respondent was 
selected based on the nearest birthday, as this method yields a representative sample [Lind et 
al., 2000]. 
 
Households that refused to complete the interview were called again at a later date (several 
weeks later) by a senior interviewer and an attempt was made to convert the first refusal to 
participate.  Roughly 15% of interviews were completed after a household refused initially.  
Respondents who are difficult to reach or who initially refuse may have different characteristics 
from typical survey respondents [Voight et al., 2006], and as such the number of call attempts, 
the timing of call-backs and attempts to convert initial refusals can help to increase the 
response rate and representativeness of the sample.  Figure 3.1 illustrates the flow of the 
process. All methods for the 2003, 2004 and 2007 PAMs were approved by the Human 
Participants Review Committee of York University. 
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Figure 3.1: Illustration of telephone survey strategy 
 
Sampling by RDD is a strength of the surveys as this method provides a high degree of 
coverage of the population except in remote areas that are not well serviced or whose 
population is absent for long periods of time (e.g., during hunting season). The stratification of 
the sample is both a strength and limitation; it has the benefit of ensuring adequate sample 
within each province and territory, but requires specific analytical techniques to take the design 
into account (See Section 3.6.3). With increased cell phone ownership in recent years, a 
selection bias may have been introduced into the sample as younger adults may be choosing 
to own cell phones and may have ceased to also subscribe to land lines. Certain groups are 
also less likely to be reached by RDD methods [Choi, 2004], but calls are made throughout the 
day and evening, and call backs to unanswered numbers are purposely scheduled during 
different periods of the day. Data collection by interviewers can exacerbate any potential social 
desirability bias in the measures. However, the interviewers were trained, provided 
computerized scripts and observed to ensure data quality. Finally, although RDD telephone 
surveys are less expensive than face-to-face interviews, they are more costly than mail 
surveys, but generally have higher response rates, and internet-based surveys, which tend to 
be pseudo random and akin to convenience samples.  
Total calls 
Completions Refusals Ineligible households 
Call back – converted to 
participate 
Call back – refuse to 
participate 
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3.4.2 Response rate calculation 
 
Details of the calculation of response rates and final sample size for the 2003, 2004, and 2007 
PAMs are described in Table 3.2 [Cameron et al., 2004; Cameron et al., 2005; Canadian 
Fitness and Lifestyle Research Institute, 2008].  The method for calculating response rate for 
the PAM is a relatively conservative way of calculating response rates. The calculation of 
response rate is as follows: 
Known eligible households = Completed calls + Refusals + Call-backs 
Household eligibility rate = (Known eligible households/ (Known eligible households + 
total number unknown))*100% 
Number of estimated eligible households within the total number of unknown = 
Number where eligibility could not be determined * household eligibility rate 
Response rate = (Completions / (Eligible households + Estimated eligible 
households))*100% 
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Table 3.2: Details of recruitment by survey 
 PAM 2003 
Chapter Four 
PAM 2004 
Chapter Five 
PAM 2007 
Chapter Six 
 Sample Percent Sample Percent Sample Percent 
Completed calls (completed 
surveys) 
9,080 34.9% 9,713 32.0% 5,194 19.3% 
Refusals (households refusing 
to participate in survey) 
6,604 25.4% 7,434 24.5% 4,932 18.3% 
Call-backs* (Called back for 
some reason. For details, see 
table footnote)  
1,048 4.0% 1,658 5.5% 1,566 5.8% 
Ineligibles (not able to speak 
English or French, not healthy 
enough to do survey, non-
residential numbers, not in 
service numbers )   
8,015 30.8% 10,041 33.0% 12,856 47.7% 
Eligibility unknown (eligibility 
status could not be determined. 
An estimate of eligibility needs 
to be calculated by an eligibility 
rate)   
1,241 4.8% 1,544 5.0% 2,383 8.8% 
Total telephone calls made 25,988 100.0% 30,393 100.0% 26,931 100.0% 
Summary - Known eligible 
households 
16,732 
 
18,385  11,692 
 
Summary -Estimated eligible 799  947  1,034  
Summary - Not eligible 8,015  10,041  12,856  
Final response rate 52% 49% 41% 
Final sample size  9,080 9,713 5,129 
Date survey conducted February 2003 to 
January 2004 
February 2004 to 
January 2005 
February 2007 to March 
2008 
* Call-backs refer to an interviewer speaking to an individual, and that individual asking to be called back to 
complete the interview. There can be several types of call-backs based on progression within the call. For 
example: 
-Call is answered and individual asks to be called back (residential number not confirmed at this point). 
-Survey is introduced, a residential number confirmed, and then the individual asks to be called back. 
-Survey is introduced, residential number confirmed, the number of adults in the household confirmed, 
however, respondent not selected but individual asks to be called back. 
-Survey is introduced a residential number confirmed, the number of adults in the household confirmed, 
selected the respondent, and then call back requested while survey being conducted. 
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For the three surveys used in this thesis, response rates have hovered close to the 50% mark 
(52% in 2003, 49% in 2004) in 2003 and 2004, then have declined to 41% by year 2007.  
Research conducted on PAM studies have shown no clear differential effect on the 
representativeness of these samples despite declining response rates over time [Craig et al., 
2009]. Response rates for other health surveillance systems vary. For example, the U.S. based 
2011-2012 National Health and Nutrition Examination Survey yielded a 72.6% un-weighted 
response rate [CDC, accessed May 26, 2014]. The 2009-2010 CCHS yielded a 72.3% 
combined household and individual response rate, however, this particular study used a 
combination of in-person and telephone modes of collection [Statistics Canada, accessed May 
26, 2014]. The Active for Life study in the U.K. produced a 52% response rate at baseline of 
this cohort design study [Hillsdon et al., 2001]. A U.S.-based study, the 2012 Behavioral Risk 
Factor Surveillance System, produced a 49.1% response rate among landline respondents 
[CDC, accessed May 26, 2014]. In sum, the response rate for the PAMs is lower than some 
surveys that include some face-to-face interview component (NHANES, CCHS) but compares 
favourably with the Active for Life study and the BRFSS. 
3.5 Summary of measures collected in the Physical Activity 
Monitor 
 
The PAMs included a number of standard measures across the 2003, 2004 and 2007 data 
collection cycles and they are discussed in detail in this section. There have been core self-
report measures of PA asked in these surveys. In addition to PA measures, additional 
questions were asked, based on sets of theories about the correlates of PA.  Many measures 
were chosen using an ecological framework in which individual factors, social factors, and 
environmental factors are considered. In addition to PA measures, there were individual-level 
measures pertaining to the Theory of Planned Behavior (TPB).  These measures include 
knowledge, beliefs, perceived behavioural control, social norms, intention, self-efficacy (which 
was added to the TPB from social cognitive theory [Ajzen, 1991; Bandura, 1977a; Bandura, 
1977b]), and trialling behaviours as immediate PA-related outcomes. Moreover, measures 
related to the physical environment or neighbourhood was also included. Literature describing 
this research is further described in Chapter Two of this thesis. These consistent measures are 
listed and the year in which they were collected is summarized in Table 3.3. 
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Table 3.3: Measures collected by year of survey 
Measure Year of survey 
PAM 2003 PAM 2004 PAM 2007 
Physical activity 
PA - IPAQ short, telephone    
Walking (based on IPAQ)    
Walking for recreation (based on 
adapted MLTPAQ) 
   
Walking for transport    
Demographics 
Age    
Sex    
Education    
Other individual factors 
Awareness of guidelines for PA    
Knowledge of guidelines for PA    
Beliefs about benefits of PA    
Perceived Behavioural Control    
Self-efficacy    
Intention    
Trial behaviours    
Social factors 
Social norms for walking    
Physical environment factors 
NEWS environment items    
Availability of facilities for PA    
Barriers    
IPAQ – International Physical Activity Questionnaire 
MLTPAQ – Minnesota Leisure Time Physical Activity Questionnaire 
PAM – Physical Activity Monitor 
NEWS – Neighbourhood Environment Walkability scale 
 
3.5.1 Measures of physical activity  
 
Two measures of PA are used in this thesis, the International Physical Activity Questionnaire 
(IPAQ) [Craig et al., 2003] and an adaptation of the Minnesota Leisure-Time Physical Activity 
questionnaire (MLTPAQ) [Taylor et al., 1978]. The IPAQ assesses the total volume of time 
spent in moderate- and vigorous-intensity PA, along with walking. The adapted MLTPAQ [Craig 
et al., 2002] asked participants to recall participation in a relatively comprehensive list of 
physical activities over the past 12 months. 
 
Despite early work examining leisure-time PA (LTPA) as purposeful activity and a significant 
contributor to overall PA, the range of survey instruments and methodologies that have been 
used in the literature and the lack of consistent measures used to estimate activity levels are 
barriers for producing consistent estimates of PA levels within and between countries. For 
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example, differences in the definitions of PA (also variety in the number of domains asked 
about), methodological approaches, content focus within the survey instrument, the location of 
questions within the survey instrument, and scoring methods have previously precluded the 
ability for direct international comparisons of PA [Craig et al., 2003]. Therefore, in the late 
1990’s, researchers from several countries developed a common tool for assessing PA for 
population surveillance, known as the IPAQ.  
 
Objective devices such as accelerometers and pedometers provide a measure of PA across all 
domains; however the costs associated with these types of measures are relatively expensive 
for population surveillance. Therefore, the development of a standard reliable and valid self-
report measure was important. In an international study, the reliability and validity of the IPAQ 
were considered acceptable for population surveillance [Craig et al., 2003]. This questionnaire 
has been used in several countries (e.g., Canada, United States, Australia, Norway, Brazil, 
China) [Craig et al., 2003; Bauman et al., 2009] for population estimates. Data collected using 
the short-form IPAQ are used in this thesis. 
 
The IPAQ enquires about time spent walking, and time spent in moderate and vigorous PA 
over the past 7 days across all domains (work, leisure, chores and transport) [www.ipaq.ki.se]. 
In particular, the questionnaire examines the number of days in the previous week that the 
respondent performed each of these activities for at least 10 minutes at a time, and if 
applicable, the total time spent per day. For this thesis, scoring of the IPAQ measures were 
conducted in accordance with IPAQ protocols [www.ipaq.ki.se] and was then categorized into a 
dichotomous measure of “sufficiently active” or not. 
 
More specifically, total time spent in vigorous activities was calculated by multiplying the 
number of days by the amount of time spent per occasion. This total time spent was then 
multiplied by a MET (metabolic equivalent) value of 8. A MET represents a way of describing 
the energy cost of physical activities as a multiple of the metabolic rate while at rest [Ainsworth 
et al., 1993]. A similar calculation was conducted for time spent in moderate activities (using a 
MET value of 4.0) and walking behaviour (using a MET value of 3.3). A total PA energy 
expenditure score was then calculated by summing the energy expenditure from the vigorous-
intensity, moderate-intensity, and walking behaviours. Based on this total energy expenditure 
score: 
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 sufficient activity (or sufficient PA) was calculated if (1) any activity was performed daily 
with a total energy expenditure of 3,000 MET minutes or higher, or (2) vigorous activity 
was performed at least 3 days a week with a total energy expenditure of 1,500 MET 
minutes or higher [www.ipaq.ki.se], and  
 a lower score was attributed to any lower amounts of activity which was deemed an 
insufficient amount. 
 
Using these same MET values of 3.3 (walking), 4 (moderate-intensity), and 8 (vigorous-
intensity) as described above, the total energy expenditure representing the 1998 Canadian 
guidelines for adults aged 18 to 55 would be lower that the IPAQ criterion. The 1998 Canadian 
guidelines state that adults should accumulate at least 60 minutes of any intensity activity every 
day for health, 30 minutes of moderate-intensity activity, 4 days a week, or 20 minutes of 
vigorous-intensity activity, 4 days a week [Health Canada and Canadian Society for Exercise 
Physiology, 1998].  
 
In addition, LTPA was assessed by asking about participation in 25 listed physical activities 
during the past 12 months, as well as providing respondents with the opportunity to provide 3 
additional activities which may not have been specified in this list. The LTPA question used an 
adaptation of the MLTPAQ. MLTPAQ was one of the first measures used to assess PA in 
populations. LTPA measures in general appeared in the mid-1960s for specific populations, 
given the increasing epidemiological evidence for PA and health since that time [Lamb & 
Brodie, 1991].  
 
Although there were many LTPA instruments [Jacobs et al., 1993], the MLTPAQ, which was 
first published in 1978 [Taylor et al., 1978] is a popular measure of LTPA [Lamb & Brodie, 
1991] and is used to measure PA energy expenditure. Validity studies were conducted, with 
significant associations noted between LTPA and fitness levels and chronic conditions, 
prompting the use of LTPA questionnaires in large-scale surveys, such as this one. Research 
studies have examined the reliability of the MLTPAQ [Folsom et al., 1986; Lamb & Brodie, 
1991; Shephard, 2003], and the adapted version of the MLTPAQ used in this thesis has an 
acceptable test-retest reliability and criterion validity against predicted maximum oxygen uptake 
[Craig et al., 2002]. 
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Within the probed activities of the adapted MLTPAQ, questions with regard to participation in 
walking, as well as frequency and average duration were asked. In addition, frequency and 
duration of walking to work, school and errands were also gathered through an additional set of 
questions asked after the MLTPAQ. The adapted MLTPAQ questionnaire is used in Chapter 
Six of this thesis, whereas the IPAQ walking question was used in Chapter Four, Five, and Six. 
These MLTPAQ and PAM measures were described as recreational walking and walking for 
transport respectively, and were divided into quartiles. Walking for recreation has often been 
studied as a popular form of physical activity with respect to the built environment, however, 
walking for transport has also been considered in some research [Saelens & Handy, 2008; 
Cleland et al., 2010] in addition to walking for recreation. Moreover, research indicates that 
aspects of the built environment differ by the type of walking [Owen et al., 2004; Saelens & 
Handy, 2008], although the relationships may not necessarily be conclusive between studies 
[Saelens & Handy, 2008]. For the logistic regression and cross-tabulations used in Chapter Six 
of this thesis, the highest quartile of recreational walking and transport walking is used. 
Quartiles were used to make the scoring of these consistent with many other variables in the 
analysis so that they would have a similar distribution (i.e., non-parametric with no assumption 
of normality or other distribution about the shape of the data). 
3.5.2 Measures of individual level correlates/determinants 
Measures of known correlates at the individual level were developed using the Theory of 
Planned Behavior (TPB) [Ajzen, 1985; Ajzen 1988; Ajzen, 1991] and were included in the 
PAMs. The theoretical framework of the TPB has been used to explain PA and other health 
behaviours, and suggests that intention is an immediate determinant of a given behaviour, with 
attitude, subjective norm, and perceived behavioural control influencing intention [Ajzen, 1985; 
Ajzen 1988; Ajzen, 1991; Blue, 1995]. Moreover, perceived behavioural control may also 
directly influence behaviour. As people act on their intention to be active, they may try a range 
of different behaviours in an effort to become more active. These types of measures have been 
explored in this thesis and are described in further detail in Chapter Two, section 2.2, and are 
used in the analyses of Chapters Four and Six. Social norms, which are one element of the 
TPB, are the only social factors explored in this thesis. Table 3.4 lists, and describes, the 
details of these measures. 
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Table 3.4: Individual and social factors collected through the PAMs (2003 and 2007 PAMs) 
Independent variables Question Response options 
Individual factors 
Awareness of physical 
activity guidelines 
(Purpose: to assess 
unprompted and prompted 
awareness of guidelines for 
physical activity. It is an 
immediate outcome of health 
communications related to 
the guidelines)  
 
(PAM 2003, PAM 2007 
assessed prompted only) 
Unprompted - Have you heard, or do you 
know of any guidelines about how much 
physical activity adults should do? 
 
Can you tell me the names of any of these 
guidelines? 
 
Prompted - Have you heard of any of the 
following initiatives in the past 12 months: 
Canada's Physical Activity Guide” 
(yes/no/don’t know) 
Yes/No/Don’t know 
 
 
 
Text responses, 
categorized 
 
 
Yes/No/Don’t know 
 
Knowledge (Purpose: to 
assess the knowledge of the 
amount of PA required to 
meet Canadian guidelines. 
This is a precursor to more 
immediate predictors of PA in 
the TPB) 
 
(PAM 2003, 2007) 
What is the least number of days each week 
that a person your age has to be active to get 
health benefits? 
On each of these days, how much time in 
total do you think a person your age has to 
be active in order to get health benefits? 
In the situation you've described where 
someone is active on [stated] days a week for 
a total of [stated] minutes each time, how 
much physical effort do you think they need 
to put into it in order to get health benefits? 
Number of day 
1 to 7 
Don’t know 
 
Total time 
Hours, min 
Don’t know 
 
Light intensity 
Moderate intensity 
Vigorous intensity 
Don’t know 
Beliefs about the benefits 
of PA (Purpose: to assess 
the individual’s beliefs about 
the health-related benefits of 
PA. Like knowledge, this is a 
precursor to more immediate 
predictors of PA in the TPB) 
 
(PAM 2003, 2007) 
To what extent do you agree that PA …helps 
prevent heart disease 
…helps people maintain the ability to do 
everyday tasks in older age 
…helps people to manage stress 
7 point:  
1 =  do not agree at all 
7 = very strongly agree 
Don’t know 
Perceived behavioural 
control (Purpose: to assess 
this precursor to intention 
within the TPB) 
 
(PAM 2007) 
How much personal control do you have over 
whether you are able to fit regular physical 
activity into your lifestyle? 
5-point:  
1=no control at all, 
5=complete control 
Don’t know 
Self-efficacy or self-
confidence (Purpose: to 
assess this precursor to 
intention within the TPB) 
 
(PAM 2007) 
How confident are you that you can regularly 
do a total of thirty minutes or more of 
moderate physical activity per day at least 
three or four times a week? 
 
How confident are you that you can regularly 
do a total of sixty minutes of light physical 
activity each day? 
5-point:  
1 = not confident at all 
5 = very confident 
Don’t know 
Intention to be active 
(Purpose: to assess this 
immediate precursor to PA 
within the TPB) 
 
(PAM 2003, 2007) 
Thinking about the next six months, to what 
extent do you intend to be physically active? 
7-point: 
1 = no intention at all 
7 = fully intend to 
Don’t know 
Initial behaviour change or 
trial behaviours (Purpose: 
Have you done any of the following over the 
past 12 months with a view to becoming more 
Yes 
No 
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to assess steps that 
individuals have taken to 
become more active. This 
may be an intermediate  step 
between intention and PA) 
 
(PAM 2003, 2007) 
active?:  
-read articles in newspapers, books or 
magazines about physical activity; 
-sought advice from friends, family, or co-
workers 
-sought advice from health professional(s) 
-observed a class, or tried some kind of 
physical activity 
-sought information about opportunities in 
your community, such as trails 
-made active choices in your usual work 
routine, like walking part way to work or 
taking the stairs? 
Don’t know 
Social factors 
Social norms (Purpose: to 
assess individual’s 
perceptions of social norms 
for PA) 
 
(PAM 2007) 
To what extent do you agree that: 
-most family members walk for at least 30 
minutes on almost every day 
-most friends walk for at least 30 minutes on 
almost every day 
-most people you know walk for at least 30 
minutes on almost every day 
5 point:  
1=strongly agree 
2= agree 
3=unsure 
4=disagree 
5=strongly disagree 
Don’t know 
 
3.5.3 Measures of environmental attributes 
 
These questions measure reported perceptions of the physical environment and aim to help 
explain PA behaviour. Certain models, such as an ecological model incorporate the physical 
environment as an influencer when looking at changes in behaviour. Three sets of measures 
are used in these surveys to capture perceptions and attributes about the physical 
environment. The first set of measures assess perceptions about the environment using an 
adapted subset of questions from the Neighborhood Environment Walkability Scale (NEWS) 
[Cerin et al., 2006], with the purpose to quantify walkability in a neighbourhood. The NEWS 
essentially investigates the presence of places to walk in the neighbourhood and potential 
factors which could influence perceptions of walkability (such as the presence of traffic and 
crime). In the NEWS the neighbourhood is defined as “the area ALL around your home that you 
could walk to in 10-15 minutes.”  A shorter sub set of NEWS items were taken from an 
international study which had developed the set to explore the associations between activity 
and the physical environment in 11 countries [Sallis et al., 2009]. In general, perceived highly 
walkable neighbourhoods could be characterized with higher residential density, greater land 
use mix, street connectivity, aesthetics, and safety. Given the relationship of these measures to 
walking and PA, measures assessing the walkability of the physical environment and 
neighbourhood are considered important components of this thesis and have shaped the 
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investigation. Details of the items used in PAM are described in Table 3.5, as a smaller set of 
eight questions were used for this thesis. 
 
Table 3.5: Environmental factors based on the NEWS collected through the PAMs (2004 and 2007 
PAMs) 
Independent 
variables 
Question Response options 
Residential 
density 
(operationalized 
as main type of 
neighbourhood 
housing)  
 
(PAM 2004, 
2007) 
The next set of questions asks about different facilities in 
and around your neighbourhood.  By this we mean the 
area ALL around your home that you could walk to in 10-
15 minutes. 
 
What is the main type of housing in your 
neighbourhood…? 
 
1=Detached single-family 
residences 
2=Townhouses, row houses, 
apartments, or condos of 2-3 
stories 
3=Mix of single-family residences 
and townhouses, row houses, 
apartments or condos 
4=Apartments or condos of 4-12 
stories 
5=Apartments or condos of more 
than 12 stories? 
Don't know 
Mixed use Many shops, stores, markets or other places to buy 
things I need are within easy walking distance of my 
home. Would you say that you strongly disagree, 
somewhat disagree, somewhat agree, or strongly agree? 
1=Strongly disagree 
2=Somewhat disagree 
3=Somewhat agree 
4=Strongly agree 
6=does not apply to my 
neighbourhood at all 
Don't know 
Access to 
transit 
It is within a 10-15 minute walk to a transit stop (such as 
bus, train, trolley, and tram) from my home. Would you 
say that you strongly disagree, somewhat disagree, 
somewhat agree or strongly agree?                                                              
Pedestrian 
infrastructure 
There are sidewalks on most of the streets in my 
neighbourhood. Would you say that you strongly 
disagree, somewhat disagree, somewhat agree or 
strongly agree? 
Bicycling 
infrastructure 
There are facilities to bicycle in or near my 
neighbourhood, such as special lanes, separate paths or 
trails, or shared use paths for cycles and pedestrians?                                                                  
Would you say that you strongly disagree, somewhat 
disagree, somewhat agree or strongly agree? 
Recreational 
infrastructure 
My neighbourhood has several free or low cost recreation 
facilities, such as parks, walking trails, bike paths, 
recreation centres, playgrounds, public swimming pools, 
etc. Would you say that you strongly disagree, somewhat 
disagree, somewhat agree or strongly agree? 
Safety from 
crime 
The crime rate in my neighbourhood makes it unsafe to 
go on walks at night. Would you say that you strongly 
disagree, somewhat disagree, somewhat agree or 
strongly agree? 
Traffic safety There is so much traffic on the streets that it makes it 
difficult or unpleasant to walk in my neighbourhood. 
Would you say that you strongly disagree, somewhat 
disagree, somewhat agree or strongly agree? 
 
In addition to the NEWS items, the second set of factors were asked in the 2004 data collection 
only, as the focus of this particular survey was to explore aspects of the physical environment 
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and neighbourhood which may be associated with PA and walking. The primary purpose of this 
second set of indicators was to determine perceived barriers which related to the physical 
environment and local opportunities to be active.  Respondents were asked to rate their level of 
agreement with a series of statements representing barriers related to the environment (where 
1 represents strongly disagreeing and 6 represents strongly agreeing). In addition, don’t know 
and refused categories were included. These variables were developed specifically for the 
PAM, and although there is no validity testing, the questions have been used consistently over 
time. The statements assessing perceived barriers were as follows:  
 
 Concerns about your safety keep you from walking or bicycling 
 There’s too much traffic in your area for walking or bicycling 
 In your area there’s too much crime on the streets for safe walking or bicycling 
 Badly maintained sidewalks and bike lanes in your area keep you from bicycling 
 Poorly lit sidewalks and streets in your area keep you from walking or bicycling 
 The hours and class times offered by your local centres don’t suit you 
 It’s too hard for you to get to those places where you can be active 
 The programs and facilities that are available are not the right type for you 
 The dollar costs of doing physical activities are too high for you 
 It’s too hard to find the right kind of coaching or instruction 
 The sport and recreation facilities are not well-maintained in your community. 
 
The third set of measures were developed to assess respondents’ perceptions regarding the 
amount of places in their local community where they can safely walk or bicycle, and the 
amount of programs in the community. Respondents were asked to rate according to the 
following categories none, some, many, don’t know, respondent doesn’t own a bicycle (in the 
case of the question about the number of places where a person can safely bicycle). This set of 
questions was only asked in the 2004 PAM.  
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3.5.4 Demographic variables  
 
Table 3.6 summarizes the demographic covariates used in the analyses in this thesis, namely 
sex, age and education level of participant. 
 
Table 3.6: Demographic covariates collected through the PAMs 
 PAM 2003 PAM 2004 PAM 2007 
Age of participant Age was asked as year of birth and then categorized as  
-18-24 years 
-25-44 years 
-45-64 years 
-65 years and older 
Sex of participant Gender of participant was asked  
-Male 
-Female 
Education level  Education level of participant was asked as an open-ended question and was 
coded to a list of possible responses. For analyses, these coded options were 
categorized as 
-less than secondary level of education 
-completed secondary school 
-attended college 
-attended university  
 
3.5.5 Limitations and strengths of measures 
 
This sub-section explores some limitations and strengths associated with the indicators 
described in this section, and used in the analyses for thesis Chapters Four, Five, and Six. 
Although the adapted version of the MLTPAQ used in this thesis has an acceptable test-retest 
reliability and criterion validity against predicted maximum oxygen uptake [Craig et al., 2002], it 
is based on self-report data, which may not accurately represent PA if measured by a direct 
measure of PA (through a pedometer or accelerometer). In addition, it is also based on an 
assessment of physical activities over a long recall period (12 months), which some 
participants may find difficult to accurately recall due to 1) the exact number of occasions 
participated in during that time period and 2) a typical duration averaged across these 
occasions. The measure is also focused on a single-domain, LTPA, therefore does not portray 
a comprehensive measure of PA. Finally, there is considerable response burden due to the 
length of the instrument. Despite this, the same measure of PA has been used consistently 
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over time for the purposes of surveillance allowing for comparisons of secular trends as the 
potential biases inherent in such a measure is likely to be non-differential over time [Craig et 
al., 2004]. 
 
Therefore, in order to overcome the single domain focus of PA of the MLTPAQ, the IPAQ 
measure was used in addition to the MLTPAQ. The IPAQ provides a more comprehensive, all-
domain measure of physical activity. The IPAQ, however, is based on self-report data which 
may not necessarily represent the proportion of individuals who would achieve the same level 
of PA if a direct measure of PA was used [Prince et al., 2008]. Furthermore, IPAQ tends to 
over-estimate the level of PA even when compared to other self-report measures, although 
these are typically single domain measures [Bauman et al., 2009]. The reliability and validity of 
the IPAQ have been explored in an international context and is considered acceptable for 
population surveillance [Craig et al., 2003]. 
 
Measures of known correlates at the individual level were developed using the Theory of 
Planned Behavior (TPB) and were included in the PAMs. With the exception of social norms, 
these measures have been developed specifically for the PAM, and although there is no 
current reliability or validity data on these correlates, they have been used consistently over 
time. Although this is a limitation, these variables have proven useful in understanding the 
relationship of these variables as measures of the TPB in predicting long term PA behaviour 
[Plotnikoff et al., 2012]. 
 
In terms of the NEWS items, a subset of questions was developed by a group of experts in the 
field, for the purpose of shaping public policy related to the physical environment. The full 
NEWS scales showed acceptable test–retest reliability (≥0.58, and the majority of test–retest 
values were ≥0.75) [Saelens et al., 2003]. The limitations of the NEWS include the scope of the 
measure by assessing agreement of the presence of PA related facilities in the neighbourhood. 
In countries where facilities supporting PA are present, more specific detail on the amount, the 
quality and maintenance features of the facilities may be of particular importance for informing 
interventions aimed at increasing and supporting PA. In addition, Smith and colleagues [2010] 
cite limitations in respondents’ interpretations of the term “neighbourhood”, whereby the 
geographical sense of the term may vary from individual to individual. The researchers found 
that respondents typically interpret a smaller neighbourhood area than that used in definitions 
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in research related to the physical environment [Smith et al., 2010]. The additional measures 
assessing the physical environment, that is related to the amount of infrastructure (places to 
walk and bicycle, and recreational facilities in the neighbourhood) and barriers related to the 
physical environment have been developed specifically for the PAM. The amount of 
infrastructure was included to overcome the limitation of assessing mere presence of 
infrastructure using the NEWS in Canada, where the presence of infrastructure such as 
sidewalks is pervasive. There are currently no reliability or validity data for these correlates; 
however, they have been used consistently over time in various iterations of the surveys. When 
testing the relationship between environmental variables (such as those of NEWS) and PA or 
walking, it is important to control for the possible effects of clustering in the sample design. One 
would expect that individuals living in the same neighbourhood would be more likely to rate the 
environmental items similarly resulting in correlated responses within neighbourhoods. Such 
correlations violate the assumption of independence of observations and can lead to biased 
estimates of standard error [Cerin et al., 2009]. The sample design of the PAM involved the 
selection of telephone numbers within telephone exchanges. In Canada, telephone exchanges 
span a relatively large geographical area that may encompass more than one neighbourhood. 
In addition, the sample is dispersed across Canada so the chance of selecting two individuals 
from the same neighbourhood is small. Finally, the definition of the size of the neighbourhood 
was left to the interpretation of the respondents. This means that the size might vary depending 
on the type of infrastructure (e.g., sidewalks as compared to recreation facilities) and differs 
from that used in much of the research. It should be noted, however, that Smith et al. [2010] 
concluded that neighbourhood size is smaller than that typically specified in research and is 
related to the individual’s perceptions of his or her neighbourhood.  
 
The covariates used in the model are limited to sex, age, and education attainment of the 
respondent. Information on other possible covariates such as general health status, income, 
rural/urban status would be valuable, as these have been shown to affect physical activity 
related outcomes, but were not included for secondary analysis in this investigation.  
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3.6 Analytic techniques 
 
The final section presents the analytic techniques used for the analyses reported in subsequent 
Chapters of this thesis. It includes a brief description of the sample distribution, the application 
of sample weights, and the approaches taken for analysis.  
 
3.6.1 Description of the sample 
 
Descriptive statistics of sex, age, and education level of respondents within the PAMs have 
remained fairly consistent over time (i.e., 2003, 2004, and 2007 PAMs). Table 3.7 describes the 
sample size, un-weighted and weighted distributions of sex, education level, as well as the 
average age of respondents for all three survey periods used in the analyses. These measures 
are described here, given that all logistic regression models used in this thesis were adjusted 
for these measures as covariates. 
 
Table 3.7: Distribution of age, sex, and education within the samples 
 PAM 2003 PAM 2004 PAM 2007 
N Un-
weighted 
Weighted N Un-
weighted 
Weighted N Un-
weighted 
Weighted 
Sex          
Male 3,909 44.0% 48.4% 3,909 44.0% 48.4% 2,204 43.9% 48.8% 
Female 4,983 56.0% 51.6% 4,983 56.0% 51.6% 2,820 56.1% 51.2% 
Age          
18 to 24 908 10.2% 13.4% 908 10.2% 13.4% 384 7.7% 13.9% 
25 to 44 3,432 38.6% 38.9% 3,432 38.6% 38.9% 1,849 36.9% 35.0% 
45 to 64 3,079 34.6% 31.1% 3,079 34.6% 31.1% 2,038 40.7% 33.8% 
65 and older 1,471 16.5% 16.6% 1,471 16.5% 16.6% 739 14.8% 17.3% 
Education          
< Secondary 1,489 17.0% 16.8% 1,489 17.0% 16.8% 666 13.4% 13.2% 
Secondary 2,257 25.8% 26.9% 2,257 25.8% 26.9% 1,211 24.4% 26.3% 
College 2,109 24.1% 23.6% 2,109 24.1% 23.6% 1,314 26.4% 25.9% 
University 2,907 33.2% 32.7% 2,907 33.2% 32.7% 1,778 35.8% 34.6% 
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3.6.2 Sample weights  
 
The samples recruited for the PAMs were designed to represent the adult population in Canada 
as a whole. The household weight is derived based on the number of adults in the household 
(reported by the participant) taking into account the number of households in the province. The 
probability of a member of the household being selected for an interview varies inversely with 
the number of people living in that household. For example, when there is only one person in 
the household, they have a 100 percent chance of being selected whereas in a two-eligible-
persons household, each eligible person has a 50 percent chance of selection, and so on.  If 
analyses were based on un-weighted estimates, there would be an over-representation of 
households with one eligible person, whereas households with a large number of eligible 
persons would be under-represented in the weights.  Generally, the data are weighted to offset 
selection bias. In addition, a provincial weight is applied to the record where the data need to 
be used to represent the provincial or territorial population. The national sample weight is 
comprised of a household weight multiplied by a provincial weight. Finally, the national sample 
weight is corrected with a post-stratified age and sex adjustment factor. The adjustment 
reflected the latest census distributions for age and sex.  
 
3.6.3 Approaches to analyses 
All PAMs were entered directly using computer assisted telephone interviewing (CATI) 
programmed software, which allows for immediate data entry into electronic format and 
contributes to data quality through standardized programmed lists and coding of questions in 
specific order [Choi, 2004]. Data provided in electronic format are then verified for accuracy by 
ensuring through frequency distributions of variables and cross-tabulations of variables by key 
demographic and other variables to ensure that the survey flow and skip patterns have been 
followed. Moreover, data is verified to ensure that range values for each variable comply with 
programmed value limits.  
SPSS version 21.0 was used for all analyses. All numbers have a statistical error associated 
with them by virtue of the random selection of the sample. Given the nature of the PAM 
datasets, complex sampling methods are required to take into account stratification by province 
or territory within Canada. The sample designs of the PAMs are not simple random samples 
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but rather more complex as they are stratified by province and territory and the sample 
allocation is not proportional across strata. This means that the sample variation is somewhat 
larger than expected in a self-weighting design. As such, the complex sample cross-tabulation 
procedure was used to calculate the prevalence estimates. With each estimate, 95% 
confidence intervals surrounding the estimates were calculated and used to determine the 
underlying likely distribution of the parameter in the population. ‘Don’t know’ and ‘refused’ 
generally amount to less than 3% of responses and were excluded in analyses as they have a 
negligible effect on estimates.  
 
Where multiple measures were used to explore a construct within each Chapter (for example, 
three separate questions/measures were used to assess beliefs about the benefits of PA), a 
Cronbach’s alpha score was calculated to determine the internal consistency between the 
measures. If the internal consistency had an acceptable reliability coefficient for comparing 
groups according to standards in the literature (>0.70) [Bland & Altman, 1997], a composite 
score was created to study a given summary score, unless the investigation of the research 
questions warranted examination of the individual items. These are further described within 
each Chapter. 
 
To investigate factors associated with PA, statistical models were developed. These models 
were created to explore associations between key independent measures and dichotomous 
dependent measures of (1) ‘sufficient’ PA participation and (2) ‘sufficient’ walking behaviour 
(achieving sufficient activity or walking or not). For Chapter Six, the models explored 
associations between independent measures and the dichotomous dependent measures of (1) 
‘sufficient’ PA participation (achieving sufficient activity or not), (2) ‘sufficient’ all-domain walking 
behaviour (achieving sufficient all domain walking or not using IPAQ), (3) highest quartile of 
recreational walking or not (using the adapted MLTPAQ), and (4) highest quartile of walking for 
the purpose of transportation or not (using the PAM commute questions). To predict these 
dichotomous dependent measures, complex samples logistic regression procedure was used 
to account the sample design. One limitation of performing multiple tests of significance on a 
series of measures is that the type I effort rate (or α level) is affected. The more tests that are 
performed the more likely it is to erroneously conclude that a relationship is significant when it 
is not. An adjustment to the α level (such as sequential Bonferroni or Holms) can be made to 
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counteract the possibility of accepting a relationship as significant when it has occurred by 
chance [Zhang et al., 1997]. This adjustment was not conducted as part of the analysis as the 
main purposes of this thesis are exploratory to shape future policy-oriented and intervention 
research.  
Logistic regression is used to predict the probability of an outcome based on a set of factors. 
The coefficients produced from the regression equations reflect the contribution of the 
independent measures to the particular outcome, where a positive coefficient indicates an 
increased probability of the outcome, and a negative coefficient indicates a decreased 
probability. The larger the coefficient is from zero, the greater the impact of the independent 
measures in these directions. In developing the model, attention was paid to potential 
confounding factors, which could provide alterative explanation of the significance of predictive 
variables in relation to the outcome variable. For example, it is known that PA is lower amongst 
women and in addition that women are more likely to view safety as a factor influencing their 
participation in PA. Therefore, if sex was not included in the model, one might erroneously 
conclude that safety concerns predicted lower likelihood of involvement in sufficient PA. 
However, when sex is included in the model, this relationship may no longer remain significant 
indicating that sex, not safety per se, was predicting lower participation. To account for these 
types of matters, age, sex, and education were included as covariates. Other possible residual 
confounders (which could not be adequately measured based on the measures included in 
these surveys) such as weather, car ownership, chronic conditions, and household level socio-
economic status could not be taken into account, as this information was not collected or 
complete in these surveys. The full model was chosen to determine the relative magnitude of 
the odds of each of the variables of interest. Similarly, a separate full model predicting sufficient 
activity was built including the same variables of interest and covariates. This thesis presents 
exploratory analyses of cross-sectional data to inform policy and guide the development of 
future prospective and intervention research. As such, the models do not take into account 
interactions (or effect modifications) between variables (e.g., knowledge and beliefs by age).  
Using complex samples, sample weights were applied to the data and 95% confidence 
intervals were used to determine significance. Specific analytical procedures are described in 
further detail within each results section of each Chapter.  
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Summary of Chapter Three 
 
The purpose of this Chapter was to describe the methods and measures used in this thesis. To begin, the Chapter 
provides a summary of population surveillance of PA in Canada by providing a brief overview of surveillance 
studies in Canada that either focus on PA as an outcome, or as a correlate to health more generally. Canada is 
fortunate to have a long-standing and rich source of comprehensive data related to PA. One of the programs at 
the heart of Canadian surveillance in the Canadian Fitness and Lifestyle Research Institute’s Physical Activity and 
Sport Monitoring Program (PASMP). One component of the PASMP includes the Physical Activity Monitor (PAM) 
which is designed as a series of representative annual population-based studies of PAM which explores correlates 
associated with PA.  
 
A detailed discussion of the development and methods associated with the PAM follows in this Chapter, describing 
its themes of data collection, sampling methods, response rate calculation, and measures used in various 
iterations of the PAM. These measures outline the PA and walking measures used in the three surveys highlighted 
in this thesis, the individual level measures, the measures which describe the environmental attributes, and 
demographic measures. Accordingly, limitations and strengths surrounding these measures are discussed briefly 
in a following section.  
 
The Chapter then concludes with a description of the analyses protocol of the measures used in this thesis. These 
protocols include data verification, application of sample weights, approaches to analyses of prevalence data and 
models to predict behaviour. 
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4.1 Introduction 
 
As described in the opening paragraphs of this thesis, physical inactivity is a public health issue 
as low levels of PA are associated with increased risk of non-communicable diseases, poor 
mental health, and premature mortality [U.S. Department of Health and Human Services,   
1996; Warburton et al., 2006; U.S. Department of Health and Human Services, 2008]. As such, 
there has been international recognition of the need to develop national strategies to promote 
PA. Indeed, sparked by a resolution of the International Assembly of the World Health 
Organization (WHO) that was introduced by the Canadian delegation, the WHO developed a 
Strategy for Diet and Physical Activity [WHO, 2004]. One element of this strategy was that 
countries develop national PA guidelines as a foundation resource to promote PA and to inform 
surveillance.  
 
As reported in Chapter Two, the original PA guides that were developed in Canada in the late 
1990’s were conceived as a health communication tool that could be used as part of a broader 
social marketing campaign to raise awareness of PA, to educate, and to promote activity 
among the population. The Hierarchy of Effects Model is often used in the planning and to 
some extent the evaluation of communication campaigns [McGuire, 1984; Bauman et al., 2008; 
Craig et al., 2010], whereby the model builds on the Theory of Planned Behavior and the 
constructs contained within that theory [Ajzen, 1985; Ajzen, 1991], and suggests the effects of 
communication campaigns are sequenced from short-term to long-term effects. As described in 
Chapter Two, initial reach of a communication strategy is indicated by the level of community 
awareness and subsequent impact is assessed through changes in message understanding, 
beliefs about the benefits of PA, intention to be active and first steps taken toward becoming 
active through to overall PA level. This thesis Chapter presents the results of a study that was 
conducted within the Canadian PA surveillance system to examine these individual factors and 
how they are associated with PA and, more specifically, walking which is the most frequently 
reported type of PA in Canada [CFLRI, 2008].  
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4.2 Methods  
 
4.2.1 Sampling design 
 
Population surveillance and monitoring of PA has been conducted in Canada by the Canadian 
Fitness and Lifestyle Research Institute (CFLRI) since the mid-1990s. Details about the 
development and depth of the Physical Activity and Sport Monitoring Program and more 
specifically on the annual Physical Activity Monitors (PAM) were provided in Chapter Three. As 
the primary data source for this Chapter and analyses, however, a very brief summary of the 
2003 PAM is included here along with referral to the specific pertinent research questions. 
 
As the primary source of data in this Chapter, the 2003 PAM is a nationally representative 
population sample of 9,080 Canadian adults aged 15 and older, and a sub-sample of 8,892 
adults 18 years and older. The 2003 PAM sample were selected using random-digit dialling 
from household-based telephone exchanges. The random sample of households contains a 
minimum sample size of 250 for each province or territory in Canada with the exception of 
Nunavut. The sample size in Nunavut is smaller and proportional to size, given challenges 
collecting data in this region due to telephone availability, limited availability during certain 
seasons (e.g., hunting season), language, and survey burden posed on its small population by 
multiple large scale annual health surveys.  Within each household contacted, one individual 
over the age of 15 was selected at random, however, only those aged 18 and older were 
included in the analyses in this Chapter (n=8,892). Therefore, a random sample of Canadian 
adults was yielded. Survey participants were asked about their PA patterns and individual 
factors related to PA. Telephone interviewers directly captured the data during the interview 
using a Computer-Assisted Telephone Interview (CATI) system (see details in Chapter Three). 
Data were collected from February 2003 to January 2004 by the Institute for Social Research 
(ISR) located in York University in Ontario, Canada. 
 
The overall response rate obtained in the 2003 PAM was 52%. Information on response rate 
calculation is provided in Chapter Three. This response rate is reasonable compared to other 
telephone surveys (see Chapter Three). The sample for this survey is shown in Table 4.1. 
Sample weights were developed in order to reduce possible bias of over-represented groups in 
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the sample. The sample weights used for the 2003 PAM data set were adjusted using a post-
stratification adjustment factor, which reflected the most current Census distributions for age 
and sex available at that time in order to correct for the potential bias. All estimates have a 
statistical error associated with them due to the random selection of the sample. 
 
Table 4.1: Sample by region and province, 2003 PAM  
Sample by region and province 
 Adults 18+ 
Canada  8,892 
Atlantic  974 
Newfoundland  245 
Prince Edward Island  242 
Nova Scotia  243 
New Brunswick  244 
Quebec  1,902 
Ontario  3,496 
West  1,969 
Manitoba  249 
Saskatchewan  264 
Alberta  685 
British Columbia  771 
North  551 
Yukon  297 
Northwest Territories  243 
Nunavut  11 
 
 
Exploring relationships that appear in 2003, in order to determine consistency over time, a 
sample of 4,689 adults aged 18 and older from the comparable questions asked in the 1998 
PAM data are included in comparative trend analysis in Appendix A. The methodology of the 
1998 PAM was similar to that described above for the 2003 PAM, and the questions used for 
comparison were identical, if included in both surveys. 
4.2.2 Measures  
 
The measures that were used in the analyses of this Chapter are summarized below, and 
further details of all measures are also provided in Chapter Three (Methods). 
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Physical Activity Level and Walking - The short, telephone administered last 7-day recall 
version of the International Physical Activity Questionnaire (IPAQ) [Craig et al., 2003] was used 
to measure all-domain PA levels and walking. Questions included days per week and time 
spent per day participating in vigorous activities, moderate activities and walking. The IPAQ 
series of questions are described in Chapter Three.  
 
Awareness of guidelines - Awareness was assessed by two questions: one unprompted 
recall of any acceptable guidelines and one prompted recall of Canadian PA guidelines. 
Unprompted recall of any acceptable guidelines for PA was determined by asking “Have you 
heard of any guidelines for physical activity?” (response options yes/no/don’t know). Individuals 
who had heard of guidelines were asked what they were and any acceptable response was 
coded. Prompted recall was subsequently asked by the question “Have you heard of any of the 
following initiatives in the past 12 months: Canada's Physical Activity Guide” (yes/no/don’t 
know). Others in a list of prompts included “Healthy Living Strategy” and “Canada’s Food 
Guide”.  
 
Knowledge of the amount of PA required for guidelines - Three questions were used to 
determine knowledge of the amount of PA required that meets Canada’s PA guidelines, 
including:  
 What is the least number of days each week that a person your age has to be active to 
get health benefits? 
 On each of these days, how much time in total do you think a person your age has to be 
active in order to get health benefits? 
 In the situation you've described where someone is active on [stated] days a week for a 
total of [stated] minutes each time, how much physical effort do you think they need to 
put into it in order to get health benefits? (response options: light, moderate, vigorous, 
don’t know).  
 
Beliefs about PA - Three questions were asked to probe the beliefs about the benefits of PA. 
Each question used a 7-point Likert rating of agreement (response options 1 through 7 were 
anchored by 1 “do not agree at all” and 7 “very strongly agree”) determining perceptions about 
the extent to which PA helps people prevent heart disease, maintain the ability to do everyday 
tasks in older age, and manage stress.  
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Intention to be active - One question explored respondents’ intention to be active; Thinking 
about the next six months, to what extent do you intend to be physically active?  Response 
options were based on a 7-point Likert scale (from 1 to 7 where 1 meant “no intention at all” 
and 7 meant “fully intend to”).  
 
Initial behaviour change steps - Initial behaviour change or trial behaviours were assessed 
using a series of six questions: Have you done any of the following over the past 12 months 
with a view to becoming more active (yes/no)?  
 read articles in newspapers, books or magazines about physical  activity  
 sought advice from friends, family, or co-workers 
 sought advice from health professional(s) 
 observed a class, or tried some kind of PA 
 sought information about opportunities in your community, such as trails 
 made active choices in your usual work routine, like walking part way to work or taking 
the stairs?  
 
Socio-demographic factors - Sex, age, education level were used as covariates and are 
described in Chapter Three (Methods).  
 
4.2.3 Research questions 
 
The purpose of this Chapter is to examine individual factors associated with PA and walking, as 
well as determining the extent to which these factors predict PA and walking behaviours (taking 
into consideration the age, sex, and education level of respondents).  
 
Activity levels and walking were explored in the 2003 PAM data set in order to answer the 
questions: 
 What proportion of Canadians meet the criterion for being sufficiently active (based on 
IPAQ scoring criterion)?  Moreover, did this proportion vary by age, sex, and education? 
 What proportion of Canadians walk sufficient amounts? Did this differ by age, sex and 
education? 
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Individual factors related to PA were also explored and key research questions were probed: 
 What was the awareness level of Canadian guidelines for PA? Did this vary by socio-
demographic groups (gender, age and education groups based on categories 
described in Chapter Three)? 
 What proportion of Canadians understood the amount of PA that is recommended for 
health benefits (the 1998 Canadian guidelines for adults indicated that 18 to 55 year 
old adults should accumulate at least 60 minutes of any intensity activity daily for 
health and as a progression is made to higher intensity, the number of days and 
duration could be reduced [Health Canada and Canadian Society for Exercise 
Physiology, 1998])? Did this proportion vary by age, sex, and education? 
 What were the perceptions about the health related benefits of PA? Moreover, did 
certain age, sex, and education groups differ in their beliefs? 
 Did intention to be active vary by age, sex, and education groups? 
 Which initial behaviour change steps have Canadians done in order to become more 
active? Did these proportions vary by age, sex, and education? 
 
Furthermore, this Chapter also explores whether individual factors (awareness of guidelines, 
knowledge of sufficient amounts of activity, beliefs about the benefits of PA, intention, initial 
steps for behaviour change) were associated with sufficient PA and walking, and which of 
these factors were more strongly associated with predicting sufficient walking and sufficient 
activity, taking into account age, sex, and education. 
 
4.2.4 Data treatment 
 
Physical activity – The IPAQ short questionnaire used in the PAM 2003 asked about the 
number of days and time spent in vigorous-intensity activity, moderate-intensity activity, and 
walking. Total time spent in vigorous activity was calculated by asking respondents about the 
number of days and multiplying it by the amount of time spent per occasion in vigorous 
activities in the past 7 days, this value was then multiplied by a metabolic equivalent (MET) 
[Ainsworth et al., 1993] value of 8. A similar calculation was conducted for time spent in 
moderate activities (using a MET value of 4.0) and walking (using a MET value of 3.3). A total 
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all-domain PA energy expenditure score was then calculated by summing the energy 
expenditure from the vigorous-intensity, moderate-intensity, and walking behaviours. Using this 
total energy expenditure score, sufficient activity was calculated if (1) any activity was 
performed daily with a total energy expenditure of 3,000 MET minutes or higher, or (2) vigorous 
activity was performed at least 3 days a week with a total energy expenditure of 1,500 MET 
minutes or higher [www.ipaq.ki.se]. This amount would represent a more stringent criterion for 
activity when compared to the 1998 Canadian guidelines which specify that 18 to 55 year old 
adults should accumulate at least 60 minutes of any intensity activity daily for health, 30 
minutes of moderate-intensity activity, 4 days a week, or 20 minutes of vigorous-intensity 
activity, 4 days a week [Health Canada and Canadian Society for Exercise Physiology, 1998]. If 
a MET value of 3.3 (walking), 4 (moderate-intensity), and 8 (vigorous-intensity) were 
respectively assigned to these activities as per the IPAQ values mentioned above, the total 
energy expenditure representing Canadian guidelines would be lower.  
 
Walking – A score for walking was calculated based on the number of days and the amount of 
time spent walking in the past 7 days from the IPAQ. Based on this data, sufficient walking was 
defined as walking 7 days a week for 60 minutes or more. As noted above, this amount 
represents a conservative amount to represent the Canadian guidelines for adults based on the 
1998 guidelines, whereby the guidelines state that 18 to 55 year old adults should accumulate 
at least 60 minutes of any intensity activity daily for health (as a progression is made to higher 
intensity, that the number of days and duration can be reduced [Health Canada and Canadian 
Society for Exercise Physiology, 1998]. 
 
Awareness of guidelines - As described previously, unprompted awareness of PA guidelines 
was assessed by asking “Have you heard of any guidelines for physical activity?” (response 
options: yes/no/don’t know). Individuals who had heard of guidelines were further asked what 
the guidelines were. Any acceptable response or source for guidelines, including Canada’s 
Physical Activity Guides, U.S. Surgeon General’s Report, Health Canada, ParticipACTION, and 
so on, was coded as “aware”; otherwise, respondents were assigned a code of “unaware”. 
Prompted recall however, was simply assessed as ‘yes’ or ‘no’ response to the question 
probed. 
 
Chapter Four – Individual factors associated with total activity and walking 
 
 
Page 66 
 
Knowledge of the amount of PA required for guidelines – In order to determine knowledge 
of the amount of PA required to meet the original Canadian PA guidelines, a score for 
understanding the Canadian PA guidelines was calculated if the respondent stated (1) 7 days 
of activity per week, for 60 or more minutes per day, at any intensity, or (2) a minimum of 4 
days of activity per week for 30 or more minutes per day, at least moderate intensity. This 
calculation was coded as a dichotomous variable: “has knowledge about the amount of PA for 
guidelines” or not.  
 
Beliefs about the benefits of PA – Three belief questions assessing the extent to which the 
respondent believes that PA helps prevent heart disease, helps people maintain the ability to 
do everyday tasks in older age, and helps people to manage stress were probed. A Cronbach’s 
alpha score was calculated measuring the internal consistency between these three questions 
and was considered acceptable (0.74). Consequently, the measures were summed into a 
composite beliefs score and then divided into quartiles based on the distribution where quartile 
1 represents the lowest score and quartile 4 represents the highest score. 
 
Intention to be active- Intention to be active was asked using a 7-point Likert scale (from 1 
anchored as “no intention at all” to 7, meaning “fully intend to”). Given the skew of the data, the 
variable was categorized into a dichotomous variable of “high intention” if the respondent 
answered 6 or 7 on the scale and “lower intention” if the respondent answered with 5 or less on 
the scale. 
 
4.2.5 Analysis 
 
Statistical analysis 
All analyses in this Chapter used the 2003 PAM data set and were conducted using SPSS 
version 21.0. Complex sampling was used in order to take into account stratification by 
province or territory within the country. Accordingly, the complex sample cross-tabulation 
procedure was used to calculate the prevalence estimates in this Chapter for sufficient PA, 
sufficient walking and individual factors. If multiple measures were used to identify a particular 
construct (for example, beliefs about the benefits of PA), a Cronbach’s alpha score was 
calculated to determine the internal consistency between the measures. If the internal 
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consistency had an acceptable reliability coefficient (>0.70) [Bland & Altman, 1997], a 
composite score was developed.  
 
To answer the key research questions, the relationship between ‘sufficient’ PA and ‘sufficient’ 
walking were explored by socio-demographic factors. In addition, the relationships between 
individual factors pertaining to PA (awareness of guidelines, knowledge of sufficient amounts of 
activity, beliefs about the benefits of PA, intention, initial steps for behaviour change) were also 
explored by socio-demographic factors (age, sex, and education level). The association 
between ‘sufficient’ PA and walking by individual factors were also explored. For each of these 
analyses, sample weights were applied and relationships were tested using 95% confidence 
intervals surrounding the estimates. Response options of ‘don’t know’ and ‘refused’ were 
relatively infrequent, and if less than 3% of responses, they were excluded from the analyses 
as they had a negligible effect on estimates.  
 
The relationship between individual factors predicting sufficient activity and sufficient walking 
were examined using complex logistic regression procedures to take into consideration the 
study design, given that the samples required complex sampling methods. These models 
explored associations and the relative strength of the individual factors related to PA as the 
independent measures predicting ‘sufficient’ PA and ‘sufficient’ walking as the dependent 
measures, using age, sex, and education as covariates for each of these models. Further 
details are also provided in Chapter Three. 
 
4.3 Results 
4.3.1 Physical activity and walking  
 
In order to address the research question pertaining to the proportion of Canadian adults who 
are active enough, information on participation in vigorous and moderate intensity activity and 
walking was explored. Just over one half (53.1%, weighted) of adults 18 years and older cited 
sufficient amounts of PA to be considered active (for this Chapter, sufficient activity represents 
a total energy expenditure of 3,000 MET minutes or higher, or vigorous activity at least 3 days 
a week with a total energy expenditure of 1,500 MET minutes or higher). Almost one-third 
(29.6%) indicated that they walked sufficient amounts (for this Chapter, sufficient walking is 
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defined as walking 7 days a week for 60 minutes or more). The relationship between sufficient 
walking and activity by socio-demographic factors was also explored in order to determine 
which population groups met or did not meet the sufficient activity definition. For this purpose, 
the distribution of sex, age, and education are described below and are further summarized in 
Table 4.2 (details on the questionnaire wording are provided in Chapter Three).  
 
A greater proportion of women (56.0%, un-weighted) than men (44.0%, un-weighted) 
participated in the survey. For the analyses in this Chapter, sample weights were applied to the 
data with an applied post-stratification adjustment which reflected the latest Census 
distributions for age and sex that were available at the time. Table 4.2 illustrates the differences 
between un-weighted and weighted proportion for the covariates sex, age, and education. 
 
Table 4.2: Distribution of age, sex, and education, 2003 PAM 
 
N 
Un-weighted  
% 
Weighted  
% 
Lower CI  
(95%) 
Upper CI  
(95%) 
Sex 
Male 3,909 44.0% 48.4% 47.2% 49.6% 
Female 4,983 56.0% 51.6% 50.4% 52.8% 
Age 
18 to 24 908 10.2% 13.4% 12.4% 14.3% 
25 to 44 3,432 38.6% 38.9% 37.7% 40.0% 
45 to 64 3,079 34.6% 31.1% 30.1% 32.3% 
65 and older 1,471 16.5% 16.6% 15.8% 17.5% 
Education 
< Secondary 1,489 17.0% 16.8% 15.9% 17.7% 
Secondary 2,257 25.8% 26.9% 25.8% 28.0% 
College 2,109 24.1% 23.6% 22.6% 24.7% 
University 2,907 33.2% 32.7% 31.6% 33.9% 
 
Activity level was further explored by these socio-demographic groups, in order to determine 
which groups did or did not meet sufficient activity levels. More men than women were 
sufficiently active. Activity level decreased substantially with increasing age group. A lower 
proportion of adults with less than a secondary school education met the sufficiently active 
category compared to those with higher levels of education. Interestingly, however, a slightly 
lower proportion of university educated adults met the sufficiently active category compared to 
those with a secondary school education. These relationships are summarized in Table 4.3.  
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Table 4.3: Proportion sufficiently active by  age, sex, and education, 2003 PAM 
 
N 
% achieving sufficient 
amounts of total PA Lower CI (95%) Upper CI (95%) 
Sex 
Total 4,641 53.1% 51.9% 54.3% 
Male 2,328 59.5% 57.7% 61.3% 
Female 2,313 47.1% 45.5% 48.8% 
Age 
18 to 24 612 67.7% 64.1% 71.2% 
25 to 44 1,916 55.8% 53.9% 57.7% 
45 to 64 1,586 51.6% 49.5% 53.7% 
65 and older 527 38.0% 35.2% 40.9% 
Education 
< Secondary 633 44.3% 41.4% 47.3% 
Secondary 1,278 57.7% 55.3% 60.0% 
College 1,159 55.7% 53.3% 58.2% 
University 1,520 52.5% 50.3% 54.5% 
 
Almost one-third of adults (29.6%) stated that they walked enough to meet the sufficient 
walking criteria of 60 minutes daily. Similar to total activity, more men than women walked 
sufficient amounts and walking sufficient amounts decreased with increasing age. A greater 
proportion of college educated adults met the walking criteria compared to those with less than 
a secondary school education or those with a university education. These relationships are 
summarized in Table 4.4.  
 
Table 4.4: Proportion that walk sufficient amounts by  age, sex, and education, 2003 PAM 
 
N 
% walking sufficient 
amount Lower CI (95%) Upper CI (95%) 
Sex 
Total 2,558 29.6% 28.5% 30.7% 
Male 1,225 31.7% 30.1% 33.4% 
Female 1,333 27.5% 26.1% 29.0% 
Age 
18 to 24 354 37.9% 34.3% 41.6% 
25 to 44 1,071 32.1% 30.3% 33.9% 
45 to 64 847 27.7% 25.9% 29.6% 
65 and older 286 20.5% 18.2% 22.9% 
Education 
< Secondary 369 26.7% 24.1% 29.5% 
Secondary 691 31.5% 29.3% 33.8% 
College 661 32.2% 29.9% 34.6% 
University 812 27.8% 25.9% 29.7% 
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4.3.2 Individual factors 
 
The present study investigates whether individual factors pertaining to PA contribute to PA 
behaviour. To this end, a series of research questions in this Chapter determines whether 
individual factors (including awareness of guidelines, knowledge of the amount of PA that is 
recommended for health benefits, perceptions about the health related benefits of PA, intention 
to be active, and initial trial behaviours towards becoming more active) are associated with 
sufficient levels of PA and walking, and whether or not these vary by population groups. 
 
Awareness of guidelines – Awareness of PA guidelines was determined using unprompted 
and prompted recall. Among adults who indicated that they were aware of guidelines for PA, 
only 4.5% were able to provide an acceptable unprompted response of the PA guidelines. 
Unprompted recall of guidelines was more prevalent among those with higher levels of 
education (i.e., university education compared to those with a college education compared to 
those with a secondary education). A larger proportion of adults, however, had indicated that 
they had heard of Canadian PA guidelines when prompted (37.3%). Women were more likely 
than men to be aware of guidelines when prompted, but there were no significant differences 
with age. Prompted recall was lower among respondents with the lowest level of education 
(see Table 4.5). 
 
Table 4.5: Awareness of guidelines by age, sex, and education, 2003 PAM  
  
  
  
  
Awareness of PA guidelines  
Unprompted 
recall 95% CI 
Prompted 
recall 95% CI 
  
Sex 
  
Total 4.5% 4.0-5.0% 37.3% 36.0-38.6% 
Male 3.9% 3.2-4.7% 31.8% 30.0-33.6% 
Female 5.0% 4.3-5.8% 42.6% 40.8-44.3% 
Age 
  
  
  
18 to 24 -% -% 34.9% 31.2-38.9% 
25 to 44 5.7% 4.9-6.8% 39.4% 37.4-41.4% 
45 to 64 5.5% 4.5-6.6% 37.1% 35.0-39.3% 
65 or older -% -% 34.6% 31.7-37.7% 
Education 
  
  
  
< Secondary -% -% 29.3% 26.5-32.3% 
Secondary 2.6% 1.8-3.6% 37.9% 35.4-40.5% 
College 4.7% 3.7-5.9% 38.2% 35.7-40.8% 
University 7.8% 6.7-9.0% 40.3% 38.1-42.5% 
- Data suppressed due to insufficient cell size. 
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Knowledge of the amount of PA required to meet the guidelines – A derived score 
representing knowledge of the amount of PA required for guidelines was calculated based on 
responses to 3 questions (the least number of days each week, the time in total on these days, 
and the amount of physical effort that a person has to be active for health benefits) to represent 
amounts equivalent to Canadian guidelines. That is, if the respondent stated that in order for an 
individual to be active, a person should report 1) 7 days of activity per week, for 60 or more 
minutes per day, at any intensity, or 2) a minimum of 4 days of activity per week for 30 or more 
minutes per day, at least moderate intensity. Based on this criterion, 43.1% of Canadians were 
able to cite a combination that met Canadian guidelines. There were no sex-related differences 
in the proportion that were knowledgeable of the minimum amount of PA to meet PA guidelines 
(see Table 4.6). The proportion of adults citing knowledge of the minimum amount of PA to 
meet guidelines increases with increasing age (over 25) and is lower among those with post-
secondary education (compared to those with the lowest level of education). 
 
Table 4.6: Knowledge of minimum amount of PA to meet guidelines by age, sex, and education, 
2003 PAM 
  
  
  
  
Reported minimum amount of PA meets guide criteria 
N 
Aware of 
minimum 
amount of PA 
required for 
guidelines 95% CI 
Not aware 
of the 
minimum 
amount  95% CI 
  
Sex 
  
Total 4,947 43.1% 41.5-44.7 56.9% 55.3-58.5 
Male 2,208 44.9% 42.5-47.3 55.1% 52.7-57.5 
Female 2,739 41.4% 39.3-43.6 58.6% 56.4-60.7 
Age 
18 to 24 533 40.3% 35.5-45.3 59.7% 54.7-64.5 
25 to 44 1,948 37.5% 35.0-40.0 62.5% 60.0-65.0 
45 to 64 1,729 45.0% 42.3-47.8 55.0% 52.2-57.7 
65 or older 737 56.6% 52.5-60.7 43.4% 39.3-47.5 
Education 
< Secondary 706 50.9% 46.5-55.2 49.1% 44.8-53.5 
Secondary 1,216 46.9% 43.6-50.2 53.1% 49.8-56.4 
College 1,191 40.3% 37.1-43.6 59.7% 56.4-62.9 
University 1,772 39.0% 36.3-41.7 61.0% 58.3-63.7 
 
Beliefs about the benefits of PA – The beliefs about the benefits of PA were assessed 
through three questions (for preventing heart disease, managing stress, and helping to 
maintain functional ability with age). The distributions of each of the three questions are 
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described in Table 4.7. Overall, almost half of Canadians agreed very strongly with each of 
these three beliefs about PA.  
 
Table 4.7: Beliefs about the benefits of PA, overall distribution, 2003 PAM 
 Regular PA helps 
Prevent heart disease Maintain stress Maintain the ability to 
do everyday tasks in 
older age 
N Estimate N Estimate N Estimate 
Do not agree (anchor) 102 1.4% 57 0.8% 74 1.1% 
2 66 0.9% 40 0.5% 60 1.0% 
3 202 2.7% 101 1.4% 150 1.8% 
4 391 5.6% 270 3.5% 406 5.6% 
5 1,324 18.5% 1,210 17.0% 1,357 19.8% 
6 1,497 21.8% 1,872 27.6% 1,599 23.4% 
Agree very strongly (anchor) 3,521 49.1% 3,590 49.2% 3,469 47.3% 
Total 7,103 100.0% 7,140 100.0% 7,115 100.0% 
 
The internal consistency of the measures was assessed, and given an acceptable reliability of 
0.74, the indicators were combined into one score and then further divided into quartiles. Using 
this derived score, more women than men held the highest belief scores (quartile 4) whereas 
more men than women held the lowest belief score (quartile 1). Reporting a high belief score 
(quartile 4) about the benefits of PA increased with increasing age group until the age of 64 
then decreased slightly. A low score (quartile 1) was associated with lower levels of education 
(see Table 4.8). 
 
Table 4.8: Beliefs about the benefits of PA by age, sex, and education, 2003 PAM 
 
N 
Quartile 1 (lowest  score of 
beliefs), 95% CI 
Quartile 4 (highest score of 
beliefs), 95% CI 
Sex Total 7,055 23.7%, 22.5-24.9% 30.0%, 28.8-31.2% 
Male 3,101 28.2%, 26.4-30.1% 24.9%, 23.2-26.7% 
Female 3,954 19.5%, 18.1-21.0% 34.7%, 33.0-36.4% 
Age 18 to 24 747 31.7%, 27.9-35.7% 16.6%, 13.7-19.9% 
25 to 44 2,737 21.4%, 19.7-23.2% 30.6%, 28.7-32.6% 
45 to 64 2,458 20.4%, 18.6-22.4% 35.7%, 33.5-38.0% 
65 and older 1,113 28.6%, 25.6-31.7% 28.9%, 26.0-32.1% 
Education < Secondary 1,138 29.3%, 26.2-32.5% 28.4%, 25.5-31.6% 
Secondary 1,779 28.3%, 25.9-30.9% 27.4%, 25.1-29.9% 
College 1,670 21.7%, 19.5-24.1% 30.2%, 27.8-32.8% 
University 2,377 18.5%, 16.7-20.4% 32.2%, 30.1-34.4% 
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Intention – Canadians are generally positive about their intentions to be active in the near 
future (see Table 4.9). A low proportion of adults (14%) have a low degree of intention to be 
active (4 or less on a 7 point scale). 
 
Table 4.9: Intention to be active, overall distribution, 2003 PAM 
 N Estimate 95% CI 
1 (No intention at all) 147 2.0% 1.7-2.4% 
2  102 1.4% 1.1-1.7% 
3 212 3.1% 2.7-3.7% 
4 483 7.0% 6.3-7.8% 
5 1,625 23.3% 22.1-24.5% 
6 1,319 19.5% 18.4-20.6% 
7 (Fully intend to be active) 3,174 43.7% 42.3-45.0% 
 
As described in the data treatment section above, given the skew of the data, the intention 
variable was categorized into a dichotomous variable (63.2% high intention, 36.8% lower 
intention). When examining the categorized intention variable by socio-demographic factors, 
there were no significant differences by sex and age, however, there was with education. A 
high degree of intention was more prevalent among those with a university education 
compared to those with secondary school education or less (see Table 4.10). 
 
Table 4.10: Intention to be active by age, sex, and education, 2003 PAM 
  
N 
Lower intention  
(scored 1 to 5), 95% CI 
Highest intention  
(6 and 7), 95% CI 
Sex Total 7,062 36.8%, 35.5-38.2% 63.2%, 61.8-64.5% 
Male 3,116 38.0%, 36.1-40.0% 62.0%, 60.0-63.9% 
Female 3,946 35.7%, 33.9-37.5% 64.3%, 62.5-66.1% 
Age 18 to 24 751 34.2%, 30.3-38.3% 65.8%, 61.7-69.7% 
25 to 44 2,750 35.6%, 33.5-37.7% 64.4%, 62.3-66.5% 
45 to 64 2,454 38.6%, 36.3-40.9% 61.4%, 59.1-63.7% 
65 and older 1,107 38.8%, 35.6-42.1% 61.2%, 57.9-64.4% 
Education < Secondary 1,126 41.7%, 38.4-45.1% 58.3%, 54.9-61.6% 
Secondary 1,784 40.2%, 37.6-43.0% 59.8%, 57.0-62.4% 
College 1,676 35.8%, 33.1-38.5% 64.2%, 61.5-66.9% 
University 2,383 32.3%, 30.1-34.6% 67.7%, 65.4-69.9% 
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Initial behaviour change steps – The 2003 PAM assessed several initial actions or 
behaviours with the purpose of becoming more active, as summarized in Table 4.11, including: 
 reading articles in newspapers, books or magazines about physical activity 
 seeking advice from friends, family, or co-workers 
 seeking advice from health professional(s) 
 observing a class, or trying some kind of physical activity 
 seeking information about opportunities in your community, such as trails, and 
 making active choices in your usual work routine, like walking part way to work or taking 
the stairs 
 
Table 4.11: Initial behaviour change steps, overall distribution, 2003 PAM 
 
Yes No 
Not applicable/don’t 
know/refused 
N % N % N % 
Reading articles in newspapers, 
books or magazines about PA 3,972 54.7% 3,140 44.5% 59 0.7% 
Seek advice from friends, family 2,839 39.7% 4,250 59.3% 82 0.9% 
Seek advice from health professionals 1,854 24.9% 5,225 73.9% 92 1.2% 
Observed or tried activity 3,869 54.5% 3,144 43.5% 158 1.9% 
Seeking info about community 
opportunities 2,596 35.7% 4,346 61.3% 229 3.0% 
Making active choices at work 5,096 71.0% 1,771 25.1% 304 3.9% 
 
More women than men have initiated a change in behaviour in the previous year with a view to 
becoming more active (see Table 4.12a and Table 4.12b). The proportion of adults who sought 
advice about PA from friends or family members, or who observed or tried a PA class 
decreased with increasing age. Fewer older adults sought information on community 
opportunities compared to others, and similarly a lower proportion of older adults made active 
choices in their work routine compared to 18 to 24 year olds. A lower proportion of 18 to 24 
year olds sought information from a health professional compared to those older than 25 years. 
There is also a relationship between education of the respondent and their attempts to become 
more active. The proportion of adults that have observed or tried a PA class, made active 
choices at work, sought advice from friends and family, sought information on PA by reading 
articles, or sought information on opportunities in their community generally increased with 
increasing education level. A greater proportion of adults with a university education sought 
information from a health professional compared to those with less than a secondary school 
education. 
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Table 4.12a:  Initial behaviour change steps by age, sex, and education, 2003 PAM 
  
Read articles 
Sought advice friends, 
family 
Sought advice from health 
professionals 
N % 95% CI N % 95% CI N % 95% CI 
Sex 
Total 3,972 55.1% 53.8-56.5% 2,839 40.1% 38.7-41.4% 1,854 25.2% 24.1-26.4% 
Male 1,431 45.6% 43.6-47.6% 1,028 33.2% 31.3-35.1% 729 23.0% 21.3-24.7% 
Female 2,541 64.0% 62.2-65.7% 1,811 46.5% 44.7-48.3% 1,125 27.3% 25.7-28.9% 
 Age  
18 to 24 374 51.6% 47.4-55.8% 413 55.1% 50.8-59.2% 141 17.0% 14.2-20.3% 
25 to 44 1,482 53.5% 51.3-55.6% 1,239 44.2% 42.1-46.4% 681 24.8% 22.9-26.7% 
45 to 64 1,423 57.0% 54.7-59.3% 902 36.3% 34.1-38.6% 702 27.7% 25.7-29.8% 
65 or older 693 58.6% 55.2-61.8% 285 24.5% 21.7-27.4% 330 28.7% 25.8-31.8% 
 Education 
< Secondary 531 45.3% 42.0-48.7% 354 30.7% 27.6-34.0% 267 21.6% 19.0-24.5% 
Secondary 918 51.9% 49.2-54.6% 659 38.0% 35.4-40.7% 460 24.7% 22.4-27.0% 
College 965 55.5% 52.8-58.3% 735 42.4% 39.7-45.2% 450 26.2% 23.8-28.7% 
University 1,506 62.3% 60.0-64.6% 1,057 44.8% 42.5-47.2% 659 27.0% 25.0-29.1% 
 
Table 4.12b:  Initial behaviour change steps by age, sex, and education, 2003 PAM 
 
Observe or tried a PA class Info on community 
opportunities 
Made active choices at work 
N % 95% CI N % 95% CI N % 95% CI 
Sex 
Total 3,869 55.7% 54.3-57.0% 2,596 36.8% 35.4-38.1% 5,096 73.9% 72.6-75.1% 
Male 1,550 50.5% 48.5-52.6% 1,066 34.6% 32.7-36.6% 2,101 69.6% 67.7-71.5% 
Female 2,319 60.4% 58.6-62.2% 1,530 38.8% 37.0-40.6% 2,995 77.8% 76.2-79.3% 
 Age 
18 to 24 480 65.9% 61.8-69.7% 285 38.2% 34.2-42.4% 586 78.0% 74.4-81.3% 
25 to 44 1,652 60.1% 58.0-62.2% 1,170 42.0% 39.9-44.1% 2,033 74.4% 72.4-76.2% 
45 to 64 1,290 52.5% 50.2-54.9% 859 34.9% 32.7-37.2% 1,746 72.7% 70.5-74.8% 
65 or older 447 41.8% 38.5-45.2% 282 26.2% 23.4-29.3% 731 71.0% 67.8-74.0% 
 Education 
< Secondary 407 37.9% 34.6-41.3% 259 22.4% 19.6-25.4% 719 64.6% 61.2-67.8% 
Secondary 895 51.7% 49.0-54.4% 558 31.6% 29.1-34.2% 1,280 73.1% 70.6-75.5% 
College 992 59.4% 56.7-62.2% 668 40.1% 37.4-42.9% 1,214 74.1% 71.5-76.5% 
University 1,539 65.7% 63.4-67.9% 1,097 46.3% 44.0-48.7% 1,830 79.4% 77.4-81.2% 
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4.3.3 Associations between individual factors and physical activity and walking 
 
The relationships between sufficient activity and sufficient walking and individual factors are 
important research questions presented in this Chapter, and are further described in Table 
4.13.  A greater proportion of those who were aware of Canadian guidelines for PA when 
prompted were sufficiently active. Similarly, a greater proportion of adults who have knowledge 
about the amount of physical activity required to meet guidelines or have a high intention to be 
active were associated with meeting the sufficient activity and walking criteria. There was no 
relationship between beliefs and walking in a sufficient amount whereas a low belief score 
(Quartile 1) was more prevalent among those who were not active enough. Regarding initial 
behaviour change, a greater proportion of adults who read articles on PA, who sought 
information from friends and families, sought information on opportunities in the community, 
and tried or observed a PA class, or made changes in their usual work routine were sufficiently 
active. Similarly, a greater proportion of adults who sought information on opportunities in the 
community or made active choices in their usual routine at work met the walking criterion. 
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Table 4.13: Individual and social factors by sufficient activity and walking, 2003 PAM 
  Physical activity Walking 
Not sufficiently active Sufficiently active Does not walk 
sufficient amount 
Walks sufficient 
amount 
%  95% CI %  95% CI % 95% CI % 95% CI 
Unprompted awareness of guidelines 
Not aware of 
guidelines 
96.1% 95.3-96.7 95.1% 94.3-95.8 95.8% 95.1-96.4 95.0% 93.8-95.9 
Aware of 
guidelines 
3.9% 3.3-4.7 4.9% 4.2-5.7 4.2% 3.6-4.9 5.0% 4.1-6.2 
Prompted awareness of Canadian guidelines 
Not aware of 
guidelines 
65.4% 63.5-67.2 60.4% 58.7-62.2 63.0% 61.5-64.5 62.1% 59.8-64.3 
Aware of 
guidelines 
34.6% 32.8-36.5 39.6% 37.8-41.3 37.0% 35.5-38.5 37.9% 35.7-40.2 
Knowledge of amount of PA for guidelines 
Does not have 
knowledge 
60.5% 58.1-62.8 54.0% 51.8-56.2 59.8% 57.8-61.7 50.2% 47.1-53.2 
Has knowledge 
of amount of 
guidelines 
39.5% 37.2-41.9 46.0% 43.8-48.2 40.2% 38.3-42.2 49.8% 46.8-52.9 
Beliefs about the benefits 
Q1 (lowest) 26.0% 24.2-27.8 21.8% 20.3-23.4 23.9% 22.5-25.3 23.3% 21.2-25.5 
Q2 22.3% 20.7-24.1 23.5% 21.9-25.1 22.7% 21.3-24.1 23.6% 21.5-25.8 
Q3  22.5% 20.9-24.3 24.1% 22.5-25.7 23.8% 22.5-25.2 22.4% 20.3-24.5 
Q4 (highest) 29.1% 27.4-31.0 30.7% 29.0-32.4 29.6% 28.2-31.1 30.8% 28.6-33.1 
Intention  
Lower intention 
(1 to 5) 
49.0% 47.0-51.0 26.9% 25.3-28.6 39.4% 37.8-41.0 31.1% 28.8-33.4 
High intention 
(6 and 7) 
51.0% 49.0-53.0 73.1% 71.4-74.7 60.6% 59.0-62.2 68.9% 66.6-71.2 
Initial behaviour change 
 Did not read 
articles 
47.7% 45.7-49.7 42.5% 40.7-44.4 43.8% 42.2-45.4 47.2% 44.8-49.7 
Read articles 52.3% 50.3-54.3 57.5% 55.6-59.3 56.2% 54.6-57.8 52.8% 50.3-55.2 
 Did not seek 
info 
62.8% 60.8-64.7 57.5% 55.7-59.4 60.0% 58.4-61.6 59.6% 57.2-62.1 
Sought info 
from 
friends/family 
37.2% 35.3-39.2 42.5% 40.6-44.3 40.0% 38.4-41.6 40.4% 37.9-42.8 
 Did not seek 
info 
76.4% 74.6-78.0 73.5% 71.8-75.1 75.0% 73.5-76.3 74.4% 72.2-76.5 
Sought info 
from health 
professional 
23.6% 22.0-25.4 26.5% 24.9-28.2 25.0% 23.7-26.5 25.6% 23.5-27.8 
 Did not try or 
observe class 
50.2% 48.1-52.2 39.6% 37.8-41.4 44.3% 42.7-46.0 44.4% 41.9-46.9 
Trying or 
observing 
49.8% 47.8-51.9 60.4% 58.6-62.2 55.7% 54.0-57.3 55.6% 53.1-58.1 
 Did not seek 
info 
68.3% 66.4-70.1 59.1% 57.2-60.9 65.0% 63.4-66.6 59.2% 56.7-61.6 
Sought info on 
communities 
31.7% 29.9-33.6 40.9% 39.1-42.8 35.0% 33.4-36.6 40.8% 38.4-43.3 
 Did not 
change routine 
30.2% 28.3-32.1 22.8% 21.3-24.5 27.6% 26.2-29.1 22.8% 20.7-25.0 
Making active 
choices 
69.8% 67.9-71.7 77.2% 75.5-78.7 72.4% 70.9-73.8 77.2% 75.0-79.3 
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Table 4.14 describes how individual factors were associated with sufficient activity and 
sufficient walking. In order to determine which factors are more strongly related to sufficient 
activity and sufficient walking, Table 4.14 shows the relationships between individual factors in 
predicting sufficient activity and walking level in one model when controlling for age, sex, and 
education. After controlling for age, sex and education, prompted and unprompted awareness 
of guidelines were not associated with sufficient activity, however knowledge about Canadian 
guidelines and a high level of intention were associated with higher odds of sufficient PA. In 
terms of initial behaviour change steps, seeking information about PA opportunities in the 
community and making active choices during one’s daily routine were associated with a higher 
likelihood of being sufficiently active. In terms of walking, unprompted awareness of any 
guidelines, knowledge about the amount of activity identified in Canadian guidelines, and high 
intention to be active were associated with sufficient walking. Seeking information about PA 
opportunities from a health professional, seeking information in the community and making 
active choices during one’s daily routine were associated with a higher odds of meeting a 
sufficient criterion for walking, whereas trying or observing a physical activity class were 
associated with a lower likelihood of meeting the sufficient walking criterion. 
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Table 4.14: Odds ratios of sufficient activity and daily walking by individual factors, 2003 PAM 
  
  
Sufficient activity Sufficient walking 
Odds 
Ratio* 
Lower 
95% CI 
Upper 
95% CI 
Odds 
Ratio* 
Lower 
95% CI 
Upper 
95% CI 
Unprompted Awareness of guidelines 
Not aware of guidelines Reference Reference 
Unprompted awareness of 
guidelines 
1.37 0.97 1.93 1.45 1.04 2.02 
Prompted Awareness of Canadian guidelines 
Not aware of guidelines Reference Reference 
Prompted awareness of 
guidelines 
0.96 0.82 1.12 0.93 0.79 1.09 
Knowledge of amount of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount 
of PA for guidelines 
1.41 1.21 1.64 1.55 1.33 1.82 
Beliefs about the benefits of PA 
Q1 (lowest score) Reference Reference 
Q2 1.16 0.94 1.43 0.98 0.79 1.23 
Q3  1.11 0.89 1.38 0.96 0.77 1.20 
Q4 (highest score) 1.12 0.90 1.39 1.06 0.85 1.33 
Intention 
Low (5 or lower) Reference Reference 
High intention (6 and 7) 2.30 1.97 2.70 1.43 1.20 1.70 
Initial behaviour change 
Did not read articles Reference Reference 
Read articles 1.08 0.91 1.27 0.90 0.76 1.07 
Did not seek info from 
acquaintances 
Reference Reference 
Sought info from 
acquaintances 
1.07 0.91 1.27 0.95 0.80 1.13 
 Did not seek info from 
health professional 
Reference Reference 
Sought info from a health 
professional 
1.09 0.92 1.30 1.24 1.03 1.49 
 Did not try or observe a 
PA class 
Reference Reference 
Tried or observed a PA 
class 
1.14 0.97 1.34 0.81 0.68 0.97 
 Did not seek info on 
communities 
Reference Reference 
Sought Info on 
communities 
1.18 1.01 1.38 1.24 1.05 1.46 
 Did not make active 
choices at work 
Reference Reference 
Made active choices at 
work 
1.29 1.09 1.54 1.29 1.07 1.56 
* adjusted for sex, age, education 
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4.4 Discussion 
 
Roughly half of Canadian adults were sufficiently active in 2003, whereas approximately one-
third of the population walked enough. This Chapter found that more men than women were 
sufficiently active and walked enough; activity level and walking behaviour decreased by 
increasing age group. A lower proportion of adults with less than secondary school education 
were active enough, and a somewhat similar relationship appeared for walking. These findings 
are similar to others found in Canada, and in other westernized countries [Cameron et al., 
2007; Bauman et al., 2009].  
 
In order to promote PA among populations with traditionally lower levels of activity, 
understanding factors at an individual level can help to arm health promoters with the 
information required in order to tailor their promotional strategies to help engage these 
populations. As such, a fundamental research question in this Chapter examined the impacts of 
the communication related aspects involved in promoting PA behaviours. Specifically, this 
Chapter examined the associations between initial exposure and message knowledge, more 
distal factors within the communications hierarchy, such as behavioural intention and 
behavioural trialling [McGuire, 1984; Cavill & Bauman 2004; Bauman et al., 2006] and their 
impact on PA levels and walking behaviours. 
 
In Canada, PA guidelines have been developed for adults, older adults, and children and youth 
(1998, 1999, and 2002 respectively) [Health Canada and the Canadian Society for Exercise 
Physiology, 1998]. These guides were developed in part as a communication tool within a 
social marketing campaign to raise awareness of, and promote PA [Cameron et al., 2007a]. 
The effects of a communication strategy can be evaluated by the level of awareness (assessed 
as unprompted and prompted message recall), message understanding, beliefs about the 
benefits of PA, intention to be active, and first steps towards being active, through to measures 
of overall participation in PA. Generally, the impacts are assessed as a hierarchy or cascading 
effect [McGuire, 1984; Cavill & Bauman 2004; Bauman et al., 2006]. 
 
The original Canadian guidelines and their associated resources included the guides 
themselves for each of the three age populations, a handbook, family and teachers' guides for 
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children, a magazine for youth, chart and stickers [Health Canada and the Canadian Society for 
Exercise Physiology, 1998; Cameron et al., 2007a]. Social marketing principles were used to 
develop and launch the guidelines. The recommendations and messages were formulated to 
define the product of PA for health and show that it could be obtained at little cost (monetary, 
effort and in terms of personal time). Places to be active (home, work, school and by 
commuting) were part of the messages, but there was also an engagement strategy wherein 
key stakeholders in various sectors endorsed the guidelines and committed to help in their 
rollout. Finally, the Canadian guidelines were promoted through a two-step dissemination 
strategy which involved a media campaign for highlighting the issues of physical inactivity and 
was promoted in newspapers and websites. In addition, the guides were distributed and 
promoted through intermediaries including governmental and non-governmental organizations 
interested in PA, and through various settings (for example, these settings can include 
workplaces, schools, and municipalities) [Cameron et al., 2007a]. Further actions to increase 
PA, through the release of the guides, was undertaken by the provincial and territorial 
governments. For example, in Ontario, a series of workshops were held to engage 
professionals (invited from public health, education, recreation and transportation) to develop 
new ways to offer and promote opportunities for PA. There was, however, no consistent rollout 
strategy developed across jurisdictions or new budget allocated to support such activities. In 
2011, researchers in Canada updated the PA guidelines for these and other populations 
[Canadian Society for Exercise Physiology, 2011; Tremblay et al., 2011], however, due to the 
timing of the surveys in this thesis and in the Chapter more specifically, the original Canadian 
guidelines are discussed. 
 
Data from this chapter indicates that very low rates of the population as a whole were able to 
recall any PA guidelines when not asked specifically about them (i.e., when prompted), 
however, a larger proportion were aware when asked specifically. One reason for the 
inconsistency between awareness when prompted or prompted may be an overestimate recall 
of the Canadian guidelines and may suggest a social desirability effect [Cameron et al., 2007a]. 
This hypothesis is reinforced to some degree by the finding that unprompted recall of 
guidelines was associated with a greater likelihood of sufficient walking, whereas prompted 
recall of guidelines was not related to either sufficient activity or walking. A factor related to 
these lower rates of unprompted awareness may have been the lack of a comprehensive, 
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coordinated and well-funded strategy to increase PA tied to the release of the guidelines 
[Cameron et al., 2007a]. 
 
These results regarding awareness or recall of guidelines are similar to other studies in Canada 
[Bauman et al., 2005; Spence et al., 2002]. Bauman and colleagues report a prevalence rate of 
7.4% being able to recall any acceptable Canadian guidelines (unprompted) in 1999, and a rate 
of 5.2% in 2002 [Bauman et al., 2005]. On the contrary, however, awareness of Canadian 
guidelines when specifically prompted has increased from 26.8% in 2002 [Cameron et al., 
2007a] to 37.3% as cited in this Chapter, using a similar methodology. Beyond population 
studies and based on findings from other Canadian studies, awareness of guidelines also can 
differ by setting (for example 36% of workplaces reported prompted recall of guidelines) 
[Cameron et al., 2004]. Less than 10% of adult (6%) had actually report having received a copy 
of the guidelines [Cameron et al., 2005; Cameron et al., 2007a]. Although prompted awareness 
has increased, the fairly constant low rates of unprompted awareness over time suggest that 
these guidelines and their messages may not have adequately reached the majority of the 
Canadian population [Cameron et al., 2007a]. In Canada, other mass advertising campaigns 
have yielded similar prompted message recall based on campaign timing followed by 
decreases following the campaign [Craig et al., 2006], and maintain higher levels of recall 
following longer campaigns [Bauman et al., 2004]. Understanding how recall varied by 
population group was also an important part of this study. Women and adults with higher 
education were more likely to indicate prompted recall guidelines. Among this gender group 
traditionally, there have been lower rates of PA [Craig et al., 2004], suggesting that perhaps 
other factors besides a lack of awareness may contribute to disparity or inequity in PA 
participation among these groups [Cameron et al., 2005b; Cameron et al., 2007a].  
 
As mentioned previously, the original guidelines were disseminated with a communications 
component, however it was not necessarily a campaign which was well resourced, focused on 
the population, or used paid media [Bauman et al., 2006; Cameron et al., 2007a]. The 
guidelines were not disseminated adhering to a comprehensive communications plan but 
instead distributed through governmental and non-governmental organizations involved in PA, 
and through settings, each having varying degree of reach [Cameron et al., 2007a]. The 
original guidelines contain complex messages, including one pertaining to dose: for adults, 
accumulating at least 60 minutes of PA daily, which may be reduced to a minimum of 30 
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minutes of moderate-to-vigorous activity four days a week; for older adults, accumulating 60 
minutes of moderate activity most days; for children and youth, increasing PA by 60 minutes of 
moderate plus 30 minutes of vigorous activity daily. There were also messages about the 
benefits of PA, stories and examples, and suggestions of trial behaviours or initial behaviour 
change. This study examined these factors in association with and in predicting PA and walking 
behaviours.  
 
Results from this Chapter indicate that less than half of Canadians correctly cited knowledge of 
the dose (frequency, intensity and duration) of PA to meet these guidelines. Knowledge of the 
minimum amount of PA to meet guidelines generally increased with increasing age, 
interestingly, was lower among those with a post-secondary education, and was associated 
with PA and walking. Although this represents the minority of Canadians, it does compare in a 
positive fashion with an evaluation of England’s ‘Active for Life’ campaign [Hillsdon et al., 2001; 
Cameron et al., 2007a]. It is important to note that knowledge from the ‘Active for Life’ 
campaign was assessed based on a prospective longitudinal design, and involved a complex 
message assessing knowledge based on the number of days, duration per time, and intensity 
(somewhat similar to the line of questioning asked in this thesis analysis) [Hillsdon et al., 2001]. 
The baseline data from the ‘Active for Life’ campaign showed a lower rating of knowledge 
among the population, and considering that the change in the knowledge measure over the 3 
years of prospective study was relatively minor (3%), the Canadian data is relatively more 
positive. This may be due in part to the complexity of the ‘Active for Life’ message. On the 
contrary, the majority of Canadian adults held positive beliefs about the benefits of PA and had 
high intention to be active, which skews the distribution of the score. Women and adults aged 
45 to 64 years were more likely to hold very strong beliefs about activity benefits, yet high 
beliefs were not associated with sufficient PA or walking. Those with higher levels of education 
also showed higher intention to be more active; however, in contrast to the findings for beliefs, 
a high degree of intention was associated with PA and walking. Intention can represent an 
active decision to initially trial becoming more active which if included in daily life could 
contribute to active behaviours. As indicated previously, the Canadian guidelines also 
contained messages related to initial trialling of PA. Data from this Chapter suggest that certain 
initial behavioural steps were associated with being sufficiently active and walking. Generally, 
women, younger adults, and those with higher levels of education indicated that they had 
undertaken initial steps towards behaviour change in the prior year, with a view to becoming 
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more active. Certain initial behaviour change steps were associated with being sufficiently 
active and walking. Taken together, these results suggesting that more distal variables in the 
hierarchy of effects are associated with PA (for example, intention and trial behaviours are 
associated with PA) are not surprising, as these types of factors are an immediate precursor of 
PA behaviour [Godin, 1987; Rhodes & Plotnikoff, 2006]. Thus, these findings are consistent 
with a Hierarchy of Effects communication model and the elements of the TPB that are 
embedded within that model. It is possible that the model would be more applicable to certain 
groups than others. Analogous to the findings for recall, women also held higher belief scores 
and initial changes in behaviour. Women traditionally have had lower levels of PA in national 
studies [Craig et al., 2004], and the findings are suggestive that other factors may be 
influencing participation levels among this particular group, and these will be discussed further 
in both Chapter Five and Six. 
 
The present study has some methodological limitations including the use of self-report data and 
the cross-sectional design that prevents causal inferences. In addition, the study is limited in 
that it has a restricted range of demographic variables included in the model, recognizing that 
other factors such as family income, community size, and general health status may also be 
influential. However, the study also has a number of strengths, including the use of the 2003 
Physical Activity Monitor, which is a nationally representative population survey within the 
Canadian PA surveillance system described in the previous Chapter. In addition, this survey 
provides pertinent evidence about awareness of PA guidelines, messaging, and other factors 
that are important within a communications hierarchy focusing on population PA. This is 
relevant for improving the focus of communication strategies and providing evidence of their 
value in terms of impact, and tailoring strategies for particular populations given the expense 
for development and promotion of guidelines to the wider population. The examination of 
factors associated with PA and walking was limited to only individual influences. It is 
recognized that many factors such as the built environment could influence PA overall and 
walking behaviours, in particular. A study investigating the potential role of the built 
environment on Canadian PA and walking behaviours is presented in Chapter Five. 
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Summary of Chapter Four 
 
The literature summary in Chapter Two describes the importance of considering intrapersonal correlates related to 
PA. This Chapter investigates a study conducted within the Canadian PA surveillance system to examine 
individual factors and how they are associated with PA, and more specifically, walking. Based on the findings of 
the literature summary in Chapter Two, it is expected that features that have been assessed in the Theory of 
Planned Behavior and Hierarchy of Effects (HOE) model, such as intention will be predictive of PA. In addition, 
factors which are closer to the actual behaviour in the hierarchy of effects (such as intention, initial behaviour 
change) will be predictive of the outcome variable more so than those further removed from the outcome 
behaviour or those which are considered more immediate (such as awareness, knowledge, beliefs) or 
intermediate (perceived behavioural control, self-efficacy). 
 
This Chapter uses data from the 2003 Physical Activity Monitor, which was a random and nationally representative 
study of adults conducted in Canada, and which primarily investigated intrapersonal correlates associated with PA. 
These measures are described briefly (as they are described in further detail in Chapter Three, Methods), as is 
their data treatment protocols, and analysis protocols. As key research questions, this Chapter explores: 
 what the prevalence of sufficient PA and walking are, and if they differ by covariates; 
 which individual-level correlates of PA are influenced by demographic factors; and, 
 which individual-level correlates predict sufficient PA and walking. 
 
Roughly half of adults were sufficiently active, and one-third of adults walked enough to meet the guideline criteria. 
Both outcome measures varied by sex, age, and education. Although individual factors differed by sex, age, and 
education, for example, a greater proportion of women indicated prompted awareness of PA guidelines, higher 
belief scores about the benefits of PA, and initial behaviour change activities. Age was also associated with 
knowledge, beliefs, and the trial of activities. In addition, education was associated with awareness, intention, and 
the trial of behaviours to become more active in expected ways, whereas a higher proportion of less educated 
adults had greater knowledge of the dose of PA required to meet guidelines. 
 
Which individual-level factors predicted sufficient activity? Knowledge about the dose of PA associated with 
guidelines, a high level of intention, seeking information about PA opportunities in the community and making 
active choices during one’s work routine were associated with a higher likelihood of being sufficiently active. In 
terms of walking, unprompted awareness of any guidelines, knowledge about the amount of PA identified in 
guidelines, a high intention score, seeking info about PA from a health professional, seeking information in the 
community, or making active choices during one’s work routine were associated with sufficient walking. In 
contrast, trying or observing a physical activity class was associated with a lower likelihood of meeting the 
sufficient walking criteria. 
 
Generally speaking, these findings were consistent with the literature which supports the notion that correlates of 
the HOE (which are considered closer to behaviour, that is, intention and some initial trial behaviours), consistently 
predict PA and walking.  Those factors which were further distant from the outcome behaviour were less 
consistent in predicting sufficient walking and PA.  
 
Although a very low proportion of Canadians were able to specify a PA guideline when not specifically prompted to 
do so, these results were similar to other studies [Bauman et al., 2005; Spence et al., 2002]. Women were more 
likely to indicate prompted recall of guidelines, women also held higher belief scores and initial changes in 
behaviour. Women have lower levels of PA in national studies [Craig et al., 2004], suggesting that other factors 
may be influencing participation levels among this particular group, and these will be further explored in both 
Chapter Five and Six.  
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5.1 Introduction 
 
In the earlier years of behaviour change research, individuals were seen primarily as rational 
beings whose attitudes and perceived social norms shaped their intention and affected their 
behaviour [Azjen, 1985].  Indeed, the focus of Chapter Four was an investigation into how such 
individual level factors were associated with the PA levels and walking behaviours of 
Canadians. Since the 1990’s, attention has focused on the role of the physical environment in 
helping to explain PA behaviour. Chapter Two, section 2.3 provides an overview of the 
literature with regard to factors within the physical environment or neighbourhood which are 
associated with PA and walking, however a very brief summary is included below.  
 
Although many studies have been conducted in this area of research over the past 20 years, 
findings from these studies have varied. Reasons for this may include differences in 
populations, perceptions, type of information, and the measures used. For example, 
 A 2002 Canadian study has shown a higher likelihood of walking to work to be 
associated with a stronger neighbourhood environment score consisting of items such 
as the number and variety of destinations, aesthetics and visual interest, social 
dynamics, time and effort required, traffic threats, obstacles and crime [Craig et al., 
2002].   
 A 2003 review [Saelens et al., 2003] concluded that residents within neighbourhoods 
having high residential density, greater connectivity, and greater land use had higher 
rates of walking and bicycling for utilitarian reasons.  
 A 2004 review concluded that aesthetics, convenience of facilities with respect to 
walking, including sidewalks, accessibility of destinations, and perceptions about traffic 
were found to be associated with specific types of walking [Owen et al., 2004].  
 A 2004 review found positive associations between availability, accessibility and 
convenience of destinations/facilities, neighbourhood features and aesthetics with PA 
[McCormack et al., 2004].  
 A 2004 article indicated that pedestrian transportation systems (which include the way 
that streets and pathways are linked and network) may influence PA, and more 
specifically walking and bicycling. Some of these factors associated with proximity and 
connectivity may include economic factors such as the financial commitment required 
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to produce walkable communities (for example, cul-de-sacs designs are generally less 
costly to construct) and regulations such as zoning [Frank, 2004]. Moreover, Frank 
indicates that the coordination of active and public transport is also important for 
increasing PA [Frank, 2004]. 
 A 2005 meta-analysis found that people who reported the presence of facilities for PA, 
sidewalks, shops and services, and that heavy traffic was a non-issue, were more 
likely to be active [Duncan et al., 2005b].  
 A 2008 review of reviews and original studies supported earlier findings about the 
relationship between walking for transportation and residential density, land use mix, 
and also distance to non-residential destinations, however, the researchers found that 
the relationship between these environmental variables and recreational walking were 
not significant [Saelens & Handy, 2008].  
 
In order to understand what factors influence Canadians to be active or not, the proposed 
research will examine how the physical and neighbourhood factors associated with the built 
environment are related to PA behaviour. Specifically, this Chapter will examine the 
relationships between the built environment and PA levels and walking behaviours, and 
whether the relationships differ between population groups. 
 
5.2 Methods  
5.2.1 Sampling design 
 
With the primary purpose of PA surveillance and monitoring among the Canadian population, 
the Canadian Fitness and Lifestyle Research Institute (CFLRI) have conducted population-
based surveys (Physical Activity Monitors or PAMs) since 1995. Considerable detail on the 
Physical Activity Monitoring Program and the PAMs are provided in Chapter One and Three, 
however, a brief summary of the data source is provided in this Chapter specific to the research 
questions in this Chapter.  
 
The 2004 PAM is the primary data set for this analysis and includes a representative sample of 
8,790 Canadian adults aged 18 years and older. Data from the PAM were collected from 
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February 2004 to January 2005 by the Institute for Social Research (ISR) at York University in 
Ontario, Canada. The sample was selected using random-digit dialling from household-based 
telephone exchanges. ISR interviewers captured data directly during the interviews using a 
CATI (computer-assisted telephone interviews) system. The random sample of households 
selected was roughly proportional to the population in each province and territory with a 
minimum sample size of 250 in each province and territory (except for Nunavut). For each 
selected household, one individual over the age of 15 years was selected at random (N=9,713; 
however, only data on respondents aged 18 years and older were included in these analyses), 
thus providing a random sample of individuals in Canada. Respondents were asked about their 
PA patterns and sport participation, information, and availability of local PA and sport 
opportunities in the local community area. 
 
The overall response rate obtained in the 2004 Physical Activity Monitor was 49%. The sample 
for the 2004 Physical Activity Monitor is shown in Table 5.1. 
 
Table 5.1: Sample by region and province, 2004 PAM 
Sample by region and province 
 Adults 18+  
Canada 8,790  
Atlantic 1,212  
Newfoundland 290  
Prince Edward Island 309  
Nova Scotia 305  
New Brunswick 308  
Quebec 1,737  
Ontario 3,248  
West 2,010  
Manitoba 304  
Saskatchewan 313  
Alberta 664  
British Columbia 877  
North 583  
Yukon 301  
Northwest Territories 282  
 
When there is non-response to surveys, there is the possibility of bias if participating adults 
respond differently to non-participating adults. Potential bias was identified by comparing the 
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demographic variables to the latest Census data. Respondents to the present survey were 
more likely to be female and to have a university degree, a common occurrence in telephone 
surveys [Canadian Fitness and Lifestyle Research Institute, 1996]. The sample weights used 
for this analysis were adjusted using a post-stratification adjustment to reflect the latest Census 
distributions for age and sex.  
 
In order to determine if the relationships that appear in 2004 are consistent over time, a sample 
of 4,427 adults aged 18 and older from the comparable questions asked in the 1999 PAM data 
are included in comparative trend analysis in Appendix A. Although the response rate was 
higher (58%), the methodology of the 1999 PAM was similar to that described above for the 
2004 PAM, and the questions used for comparison were identical. 
 
5.2.2 Measures  
Details about the measures used in this Chapter and the demographic covariates applied are 
provided in detail in Chapter Three, however a brief summary of the measures follow. 
 
Physical Activity Level and Walking - In the 2004 PAM, the short, telephone-administered 
last 7-day recall version of the International Physical Activity Questionnaire (IPAQ) [Craig et al., 
2003] was employed to assess PA across all domains and walking. Six items included days per 
week and the amount of time spent per day in vigorous activities, moderate activities and 
walking. Specific details on the questions used to measure PA and walking are detailed in 
Chapter Three (Methods). 
 
Physical environment factors - A subset of questions from the Neighborhood Environment 
Walkability Scale (NEWS) [Cerin et al., 2006] were used to determine perceptions about the 
environment in which the respondent lives in order to quantify walkability in their 
neighbourhood. Further details on these measures are described in Chapter Three (Methods). 
Briefly, residential density was explored by enquiring about the main type of housing in the 
respondent’s neighbourhood. In addition, adapted questions from the NEWS ‘minimal’ subset 
were also used [Sallis et al., 2009], whereby respondents were asked to rate their level of 
agreement with the availability of shops and stores nearby the home, their proximity to a transit 
stop, and the availability of sidewalks, bicycling facilities, free- or low-cost recreation facilities in 
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their neighbourhood.  Respondents were also asked to state their level of agreement that crime 
rates in their neighbourhood make it unsafe to go on walks at night, and that too much traffic on 
the streets makes it difficult or unpleasant to walk in the neighbourhood. 
 
In addition, other questions pertaining to the number of opportunities/facilities to be active in the 
local community were also developed to probe the relative number of different supports 
available in the physical environment. These questions are described in detail in Chapter 
Three. Specifically, respondents were asked about the number of: places where they can 
safely walk in the local community, places they can safely bicycle in the community, the 
availability of multi-purpose recreation trails that can be used for different purposes, and other 
facilities, places, or programs in the community that are designed specifically for doing physical 
activities and sports. 
 
Perceived barriers to PA - Respondents were asked to rate their level of agreement with a 
series of statements on a 6 point scale representing barriers related to the environment and 
local opportunities to be active (see Chapter Three). The statements assessing perceived 
barriers were as follows:  
 Concerns about your safety keep you from walking or bicycling; 
 There’s too much traffic in your area for walking or bicycling; 
 In your area there’s too much crime on the streets for safe walking or bicycling; 
 Badly maintained sidewalks and bike lanes in your area keep you from bicycling; 
 Poorly lit sidewalks and streets in your area keep you from walking or bicycling; 
 The hours and class times offered by your local centres don’t suit you; 
 It’s too hard for you to get to those places where you can be active; 
 The programs and facilities that are available are not the right type for you; 
 The dollar costs of doing physical activities are too high for you; 
 It’s too hard to find the right kind of coaching or instruction; 
 The sport and recreation facilities are not well-maintained in your community. 
 
Socio-demographic factors including sex, age, and education level are described in detail in 
Chapter Three (Methods).  
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5.2.3 Research questions 
 
The primary purpose of this Chapter was to assess the associations between environmental 
factors (NEWS items, other environmental factors) and sufficient activity and walking. In order 
to do so, an initial step was to understand sufficient activity and walking behaviour by 
determining: 
 How active were Canadians in 2004?  What was their overall pattern of activity and how 
many met the criteria for being sufficiently active?  Were there differences in the pattern 
of activity by different segments of the population according to sex, age, and education? 
 What proportions of Canadians were sufficiently active by walking? Did this proportion 
differ according to age, sex, income and education? 
 
With respect to environmental factors, research questions included: 
 What proportion of Canadians agreed that there are many shops, stores near home, that 
transit stops are near home, that there were sidewalks, bicycling facilities, or free or low 
cost recreational facilities nearby? Did these opportunities vary by specific groups? 
 Were Canadians concerned that the crime rate or traffic in their neighbourhood made it 
difficult to walk? Did various age, sex, and education groups feel more strongly about 
these issues than others? 
 What were Canadians perceptions about the number of places to be active in the local 
community (to safely walk, to safely bicycle, multi-purpose trails, and other places to be 
active)? Did these perceptions vary by population groups? 
 To what extent did barriers related to the physical environment and to accessibility prevent 
Canadians from becoming more active? Moreover, were these barriers more prevalent 
among certain demographic groups? 
 
Finally, this Chapter explored whether sufficient PA and walking were associated with 
environmental factors, such as: having many shops or stores nearby; being close to transit 
stops; availability of sidewalks, local bicycling facilities, and free and low cost recreation 
facilities; crime and traffic in the neighbourhood, the number of places to be active, and barriers 
pertaining to the environment.  The following research questions were therefore addressed: 
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 Did the proportion of Canadians who were sufficiently active and who engaged in sufficient 
walking vary according to environmental factors; namely having many shops, stores 
nearby; being close to transit stops; availability of sidewalks, local bicycling facilities; free 
and low cost recreation facilities; crime and traffic in the neighbourhood, and the number 
of places to be active? 
 Did the proportion of Canadians who were sufficiently active and who engaged in sufficient 
walking differ by barriers pertaining to the environment?  
 Which of the environmental factors and which barriers predicted sufficient walking and 
sufficient activity, taking into account age, sex and education? 
5.2.4 Data treatment 
 
Physical activity - All-domain PA level (IPAQ short questions) for vigorous activity was 
calculated by asking respondents about the number of days and the amount of time spent in 
vigorous activities in the past 7 days. Total time spent in vigorous activities was calculated by 
multiplying the number of days by the amount of time spent per occasion. This total time spent 
was then multiplied by a MET [Ainsworth et al., 1993] value of 8. A similar calculation was 
conducted for time spent in moderate activities (using a MET value of 4.0) and walking 
behaviour (using a MET value of 3.3). A total PA energy expenditure score was then calculated 
by summing the energy expenditure from the vigorous-intensity, moderate-intensity, and 
walking behaviours. Based on this total energy expenditure score: 
 sufficient activity was calculated if (1) any activity was performed daily with a total energy 
expenditure of 3,000 MET minutes or higher, or (2) vigorous activity was performed at 
least 3 days a week with a total energy expenditure of 1,500 MET minutes or higher 
[www.ipaq.ki.se], and  
 a lower score was attributed to any lower amounts of activity which was deemed an 
insufficient amount. 
 
Using these same MET values of 3.3 (walking), 4 (moderate-intensity), and 8 (vigorous-
intensity) as described above, the total energy expenditure representing the 1998 Canadian 
guidelines for adults aged 18 to 55 would be lower that the IPAQ criterion. The 1998 Canadian 
guidelines state that adults should accumulate at least 60 minutes of any intensity activity every 
day for health, 30 minutes of moderate-intensity activity, 4 days a week, or 20 minutes of 
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vigorous-intensity activity, 4 days a week [Health Canada and Canadian Society for Exercise 
Physiology, 1998].  
 
Walking – A separate score was calculated for walking based on the number of days and the 
amount of time spent walking in the past 7 days. Based on this data, sufficient walking was 
defined as walking 7 days a week for 60 minutes or more, representing a conservative amount 
to represent the Canadian guidelines for adults based on the 1998 guidelines, whereby the 
guidelines state that 18 to 55 year old adults should accumulate at least 60 minutes of any 
intensity activity daily for health [Health Canada and Canadian Society for Exercise Physiology, 
1998]. 
 
Physical environment – With the exception of the main type of housing in the respondent’s 
neighbourhood, each NEWS item was recoded as agree (strongly agree/agree) and disagree 
(strongly disagree/disagree). As the “does not apply” category generally represented less than 
4% of the distribution, these were incorporated into the disagree category. 
 
Barriers – Each of the barrier statements were asked with a 6 point scale, where 1 represents 
strongly disagree and 6 represents strongly agree. Each variable was then re-grouped as 
follows: disagree (1 to 3), agree (4 to 6), and don’t know. The variables assessing perceived 
barriers are described earlier in this Chapter. 
 
5.2.5 Statistical analysis 
 
SPSS version 21.0 was used for all analyses. Given the nature of the 2004 Physical Activity 
Monitor, complex sampling methods were required to take into account stratification by 
province or territory within the country. Accordingly, the Complex sample cross-tabulation 
procedure was used to calculate the prevalence estimates in this Chapter. 
 
The associations between ‘sufficient’ PA participation and ‘sufficient’ walking behaviour with the 
socio-demographic factors of sex, age, and education were examined, as well as the 
relationships between environmental factors and barriers with these socio-demographic factors. 
In addition, the differences in the prevalence of ‘sufficient’ PA and walking by environmental 
factors and by perceived environmental barriers were investigated. Differences in prevalence 
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rates were estimated by weighting responses to the population and tested using 95% 
confidence intervals surrounding the estimates. ‘Don’t know’ and ‘refused’ generally amount to 
less than 3% of responses and were excluded in analyses as they had a negligible effect on 
estimates.  
 
The relationship between environmental variables, barriers, and socio-demographic factors in 
predicting sufficient activity and walking levels were examined using complex samples logistic 
regression procedure, given that the samples required complex sampling methods. These 
models were created to explore associations between key independent measures relating to 
the physical environment and dichotomous dependent measures of ‘sufficient’ PA and 
‘sufficient’ walking. Age, sex, and education were included as covariates. Further details are 
provided in Chapter Three (Methods). 
 
5.3 Results 
5.3.1 Physical activity and walking  
 
The first research question in this Chapter asks “How active are Canadians?”, and in particular, 
which demographic groups are more or less active. This section describes the PA levels of 
Canadians, including their participation in vigorous activity, moderate activity and walking 
behaviour. It is then followed by a description of the population groups of interest and how 
activity levels vary by these groups.  
 
In terms of sufficient activity, roughly half (52.2%) of adults 18 years and older reported 
adequate amounts of total daily PA to be considered sufficiently active (here, sufficient activity 
incorporated a total energy expenditure of 3,000 MET minutes/week or higher, or vigorous 
activity at least 3 days a week with a total energy expenditure of 1,500 MET minutes/week or 
higher). The prevalence of sufficient walking (here defined as walking 7 days a week for 60 
minutes or more) was lower at 31.0%. 
 
In order to study the research question about who was more active, the association of socio-
demographic factors with PA and walking were explored. As indicated in the Methods section, 
a higher proportion of females (55.7%) responded to the survey compared to males (44.3%). 
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The sample weights used for this analysis were adjusted using a post-stratification adjustment 
to reflect the latest Census distributions for age and sex. When the sample weights were 
applied, 51.5% of the sample were female compared to 48.5% male. The unadjusted mean age 
of the sample in the 2004 PAM was 46.9 years, however, when the sample weight was applied 
to the data, the mean age decreased very slightly to 45.6 years.  
 
For the purpose of analyses, age was categorized into 4 age groups: 18 to 24 year olds (10.3% 
un-weighted, 13.0% weighted); 25 to 44 year olds (37.2% un-weighted, 39.1% weighted); 45 to 
64 year olds (35.7% un-weighted, 31.1% weighted); and 65 years and older (16.8% un-
weighted, 16.8% weighted).  Within this sample, 15.8% held less than a secondary school level 
of education, 26.3% had a secondary school education, and 57.8% had post-secondary 
education (25.5% weighted had a college and 32.3% weighted had a university education). 
These distributions were similar un-weighted and weighted.  
 
Table 5.2: Proportion sufficiently active by  age, sex, and education, 2004 PAM 
 
N 
% achieving sufficient 
amounts of total PA Lower CI (95%) Upper CI (95%) 
Sex 
Total 4,493 52.2% 51.1% 53.4% 
Male 2,253 58.4% 56.7% 60.0% 
Female 2,240 46.5% 45.0% 47.9% 
Age 
18 to 24 593 66.9% 63.6% 70.0% 
25 to 44 1,827 56.2% 54.4% 58.0% 
45 to 64 1,559 50.2% 48.3% 52.1% 
65 and older 514 35.6% 33.0% 38.3% 
Education 
< Secondary 585 43.9% 41.1% 46.7% 
Secondary 1,239 56.8% 54.6% 58.9% 
College 1,192 55.1% 52.8% 57.3% 
University 1,408 50.8% 48.9% 52.8% 
 
 
More men than women met the sufficient PA criteria. An inverse relationship was observed 
between sufficient PA and age. Relative fewer adults with less than a secondary school 
education met the sufficient activity criteria compared to those with higher education. These 
relationships are described in Table 5.2. 
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Table 5.3: Proportion that walk sufficient amounts by  age, sex, and education, 2004 PAM 
 
N 
% walking sufficient 
amount Lower CI (95%) Upper CI (95%) 
Sex 
Total 2,666 31.0% 29.9% 32.0% 
Male 1,274 32.9% 31.4% 34.5% 
Female 1,392 29.1% 27.8% 30.5% 
Age 
18 to 24 374 42.4% 39.0% 45.8% 
25 to 44 1,066 32.6% 30.9% 34.3% 
45 to 64 946 30.5% 28.8% 32.2% 
65 and older 280 19.3% 17.2% 21.6% 
Education 
< Secondary 379 27.8% 25.3% 30.4% 
Secondary 775 35.4% 33.3% 37.5% 
College 710 32.9% 30.8% 35.0% 
University 755 27.5% 25.8% 29.3% 
 
As noted above, 31.0% of adults reported enough walking to meet the sufficient walking criteria 
of 60 minutes daily. More men than women achieve this criterion. An inverse relationship was 
observed between sufficient walking and age. Prevalence of sufficient walking is lower among 
university graduates than those with a secondary school or college education (see Table 5.3).  
5.3.2 Physical environment  
 
Factors related to aspects of the physical environment as they pertain to PA and walking 
behaviours are a key research interest. Within this, a research question in this Chapter is 
whether perceptions of the physical environment differ between socio-demographic groups (by 
sex, age, and education).  
 
Neighbourhood environment walkability – A subset of questions from the NEWS were used 
to determine perceptions about the environment in which the respondents live in order to 
quantify walkability in a neighbourhood. As noted earlier, specific details about these measures 
are described briefly in the Methods section above and in detail in Chapter Three (Methods). 
 
In terms of residential density, the majority of respondents reported that they live in 
neighbourhoods of primarily single-family, detached homes, followed by a mixture of single 
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family dwellings, town or row houses, and apartments or condominiums. Table 5.4 describes 
the prevalence of primary dwelling in the neighbourhood.  
 
Table 5.4: Main type of housing in neighbourhood, 2004 PAM 
 
% agree 
95% Confidence Interval 
N Lower Upper 
Detached single-family residences 63.8% 62.7% 65.0% 5,092 
Town/row houses, apartments, condos of 2-3 stories 8.5% 7.8% 9.1% 633 
Mix single-family, town/row houses, apartments or 
condos 
19.8% 18.9% 20.7% 1,568 
Apartments/condos 4-12 stories 2.9% 2.5% 3.3% 226 
Apartments/condos more than 12 stories 2.1% 1.8% 2.5% 154 
Don't know/Refused 2.8% 2.5% 3.2% 236 
 
When examining residential dwelling by key demographic variables, type of dwelling did vary 
by age (see Table 5.5). Slightly more women than men indicated that they live in 
neighbourhoods with a mix of dwellings. Living in neighbourhoods consisting of primarily 
townhouses, row houses or low rise apartment buildings was more prevalent among young 
adults compared to those aged 25 years and older, whereas living in single detached housing 
was less prevalent among young adults compared to those aged 25 years and older. Living in 
neighbourhoods consisting of primarily mid-rise apartments or condos (4 to 12 stories) was 
more prevalent among 18 to 24 year olds and adults 65 years and older compared to those 25 
to 64 years of age, and similarly, residing in neighbourhoods of high-rise apartments/condos 
was more prevalent among this younger age group compared to 45 to 64 year olds.  A greater 
proportion of university educated adults resided in neighbourhoods of primarily high-rise 
apartments compared to those with a secondary school or college education, whereas a 
greater proportion of adults with a secondary school education indicated living in 
neighbourhoods of primarily detached single-family dwelling compared to university educated 
adults. Living in neighbourhoods of primarily town houses, row houses, and low-rise 
apartments was more prevalent among adults with less than a secondary education compared 
to those with a university education. 
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Table 5.5: Type of dwelling by age, sex, and education, 2004 PAM 
 
Detached single-
family housing  
Townhouses, 
row houses, 
apts or condos 
of 2-3 stories  
Mix of single-
family, town or 
row houses, 
apts or condos  
Apts or condos 
of 4-12 stories  
Apts, 
condos 
more than 12 
stories  
%, 95% CI %, 95% CI %, 95% CI %, 95% CI %, 95% CI 
Sex Total 65.7%, 64.6-66.8 8.7%, 8.0-9.4 20.4%, 19.4-21.3 3.0%, 2.6-3.4 2.2%, 1.9-2.6 
Male 66.5%, 64.8-68.1 8.8%, 7.9-9.9 19.0%, 17.6-20.4 3.1%, 2.6-3.8 2.6%, 2.1-3.3 
Female 65.0%, 63.4-66.5 8.6%, 7.7-9.6 21.8%, 20.5-23.1 2.9%, 2.4-3.5 1.8%, 1.4-2.3 
Age 18 to 24 54.8%, 51.3-58.2 15.3%, 13.0-18.0 21.8%, 19.1-24.7 4.7%, 3.5-6.3 3.4%, 2.4-4.8 
25 to 44 64.6%, 62.8-66.3 9.0%, 8.0-10.1 21.2%, 19.7-22.7 2.6%, 2.1-3.2 2.6%, 2.1-3.3 
45 to 64 71.6%, 69.8-73.2 6.0%, 5.1-6.9 18.8%, 17.4-20.3 2.4%, 1.9-3.0 1.3%, 1.0-1.8 
65 and older 66.5%, 62.0-70.6 7.0%, 4.9-9.8 20.2%, 16.8-24.1 4.8%, 3.3-7.0 - 
Education < Secondary 67.1%, 63.8-70.2 11.5%, 9.5-13.8 18.2%, 15.7-20.9 - - 
Secondary 67.9%, 65.7-70.1 8.5%, 7.2-9.9 18.1%,16.3-19.9 3.7%, 2.9-4.7 1.9%, 1.3-2.6 
College 66.8%, 64.6-69.0 8.3%, 7.1-9.7 21.0%, 19.2-22.9 2.0%, 1.5-2.8 1.8%, 1.3-2.6 
University 62.8%, 60.8-64.7 8.0%, 6.9-9.2 22.4%, 20.8-24.2 3.5%, 2.8-4.3 3.3%, 2.7-4.2 
- Data suppressed due to cell size 
 
Respondents were also asked to rate their level of agreement with the availability of different 
facilities in the neighbourhood (within a 10-15 minute walk): 
 many shops, stores, markets or other places are within easy walking distance of home;  
 a 10-15 minute walk to a transit stop (such as bus, train, trolley, tram) from home;  
 there are facilities to bicycle in or near the neighbourhood, such as special lanes, 
separate paths or trails, or shared use paths for cycles and pedestrians, and  
 Neighbourhood has several free or low cost recreation facilities, such as parks, walking 
trails, bike paths, recreation centres, playgrounds, public swimming pools, etc. 
 
They were also asked to rate their level of agreement that: 
 the crime rate in the neighbourhood made it unsafe to go on walks at night,  
 Too much traffic on the streets that it makes it difficult or unpleasant to walk in their 
neighbourhood. 
. 
Based on the distribution of these variables (see Table 5.6), data were generally skewed 
towards the extreme values (strongly agree or disagree). As a result, for analysis purposes, the 
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values were combined into two categories of “agree” (combining agree and strongly agree) and 
“disagree” (combining disagree, strongly disagree, and does not apply).  
 
Table 5.6:  Distribution of neighbourhood facilities, NEWS, 2004 PAM 
  N 
Strongly 
disagree 
Somewhat 
disagree 
Somewhat 
agree 
Strongly 
agree 
Does 
not 
apply  
Don't 
know/ 
refused 
Shops, stores, 
markets or  places 
nearby 7,909 22.4% 13.3% 24.1% 36.9% 2.3% 0.9% 
Transit stop nearby 
7,909 24.3% 3.5% 9.1% 55.6% 6.3% 1.3% 
Sidewalks on most of 
the streets in  
neighbourhood 7,909 22.0% 5.5% 10.2% 58.3% 3.6% 0.5% 
Facilities to bicycle in 
neighbourhood 7,909 26.5% 8.4% 18.5% 42.2% 3.1% 1.3% 
Neighbourhood has 
several free or low 
cost recreation 
facilities 7,909 13.1% 7.9% 26.9% 49.3% 1.9% 0.8% 
Neighbourhood crime 
rate makes it unsafe 
to walk  7,909 58.9% 20.0% 10.7% 7.7% 1.1% 1.7% 
Traffic on the streets 
make it difficult or 
unpleasant to walk in 
neighbourhood 7,909 56.9% 22.6% 11.7% 6.8% 1.2% 0.8% 
 
Table 5.7a, 5.7b, and 5.7 shows the prevalence of the NEWS factors by key demographic 
characteristics: sex, age, and education. Generally speaking, there were virtually no differences 
in the prevalence of the NEWS factors by gender, with one exception; more women than men 
agree to some extent that the crime rate in their neighbourhood makes it unsafe to go on walks 
at night (23.1% for women agreeing versus 14.1% for men). Table 5.7b demonstrate that 
relatively more adults aged 18 to 24 years compared to those aged 25 years or older agreed to 
some extent that there are nearby shops or stores in the neighbourhood, transit stops near 
home, and sidewalks on most streets. Compared to adults 45 years and older, relatively more 
18 to 24 year olds indicated that there are several free or low cost recreation facilities in the 
neighbourhood. The proportion of adults 65 years and older who agreed to some extent that 
the crime rate in the neighbourhood makes it unsafe to go on walks at night was higher than for 
25 to 64 year olds. Table 5.7c shows that compared to adults with a post-secondary education, 
fewer adults with less than a secondary school education agreed to some extent that transit 
stops are nearby, that there are sidewalks on most streets, that there are facilities to bicycle, 
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and that there are several free or low cost recreation facilities in the neighbourhood, yet more 
agreed to some extent that crime rate makes it unsafe to walk. 
 
Table 5.7a:  Availability of neighbourhood facilities, NEWS, overall and by sex, 2004 PAM 
 
N Estimate, 95% CI 
Sex 
Male  
%, 95% CI 
Female  
%, 95% CI 
Many shops, stores, other places within walking distance 
Agree 4,771 61.6%, 60.5-62.8 61.2%, 59.5-62.9 62.1%, 60.5-63.6 
Transit stop 10-15 minute walk from home 
Agree 4,951 65.5%, 64.4-66.6 65.5%, 63.8-67.1 65.6%, 64.1-67.1 
There are sidewalks on most of the streets in my neighbourhood 
Agree 5,316 68.8%, 67.7-69.9 68.6%, 67.0-70.2 69.0%, 67.5-70.5 
There are facilities to bicycle in neighbourhood 
Agree 4,717 61.5%, 60.4-62.7 63.0%, 61.3-64.7 60.1%, 58.6-61.7 
Neighbourhood has several free or low cost recreation facilities 
Agree 5,960 76.9%, 75.9-77.8 78.1%, 76.7-79.6 75.6%, 74.2-76.9 
Neighbourhood crime rate makes it unsafe to go on walks at night  
Agree 1,481 18.6%, 17.7-19.5 14.1%, 12.9-15.3 23.1%, 21.8-24.5 
Too much traffic makes it difficult or unpleasant to walk 
Agree 1,386 18.6%, 17.7-19.6 18.3%, 16.9-19.7 19.0%, 17.7-20.3 
 
 
Table 5.7b:  Availability of neighbourhood facilities, NEWS, by age, 2004 PAM 
 Age 
18 to 24  
%, 95% CI 
25 to 44  
%, 95% CI 
45 to 64  
%, 95% CI 
65 and older 
%, 95% CI 
Many shops, stores, other places within walking distance 
Agree 72.6%, 69.4-75.6 62.3%, 60.6-64.1 57.3%, 55.4-59.1 56.1%, 51.5-60.7 
Transit stop 10-15 minute walk from home 
Agree 73.5%, 70.3-76.4 66.7%, 65.0-68.4 61.6%, 59.7-63.3 61.2%, 56.7-65.5 
There are sidewalks on most of the streets in my neighbourhood 
Agree 76.5%, 73.5-79.3 70.0%, 68.3-71.6 64.7%, 63.0-66.5 65.7%, 61.1-70.0 
There are facilities to bicycle in neighbourhood 
Agree 64.9%, 61.5-68.1 63.6%, 61.8-65.3 58.2%, 56.3-60.0 58.7%, 54.1-63.1 
Neighbourhood has several free or low cost recreation facilities 
Agree 83.1%, 80.4-85.5 79.1%, 77.6-80.6 72.8%, 71.1-74.4 70.3%, 66.0-74.2 
Neighbourhood crime rate makes it unsafe to go on walks at night  
Agree 18.5%, 16.0-21.3 18.0%, 16.6-19.4 18.1%, 16.7-19.5 25.0%, 21.3-29.2 
Too much traffic makes it difficult or unpleasant to walk 
Agree 17.2%, 14.8-19.9 19.4%, 17.9-20.9 17.7%, 16.3-19.2 21.6%, 17.9-25.8 
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Table 5.7c:  Availability of neighbourhood facilities, NEWS, by education, 2004 PAM 
 Education 
< Secondary 
%, 95% CI 
Secondary  
%, 95% CI 
College  
%, 95% CI 
University  
%, 95% CI 
Many shops, stores, other places within walking distance 
Agree 58.8%, 55.5-62.0 60.9%, 58.6-63.2 61.7%, 59.4-63.9 63.2%, 61.2-65.2 
Transit stop 10-15 minute walk from home 
Agree 54.6%, 51.3-57.9 60.5%, 58.2-62.8 66.3%, 64.1-68.4 73.3%, 71.5-75.1 
There are sidewalks on most of the streets in my neighbourhood 
Agree 60.5%, 57.3-63.7 65.3%, 63.1-67.5 70.0%, 67.9-72.0 74.1%, 72.3-75.8 
There are facilities to bicycle in neighbourhood 
Agree 56.0%, 52.8-59.2 57.6%, 55.2-59.8 62.6%, 60.3-64.8 65.9%, 63.9-67.8 
Neighbourhood has several free or low cost recreation facilities 
Agree 70.6%, 67.6-73.5 74.3%, 72.2-76.2 77.0%, 75.0-78.9 81.1%, 79.5-82.7 
Neighbourhood crime rate makes it unsafe to go on walks at night  
Agree 24.4%, 21.7-27.3 19.4%, 17.6-21.3 17.5%, 15.9-19.4 16.3%, 14.8-17.8 
Too much traffic makes it difficult or unpleasant to walk 
Agree 20.5%, 17.9-23.4 19.6%, 17.8-21.5 18.5%, 16.7-20.4 17.1%, 15.6-18.7 
 
 
Number of places to be active – In addition, respondents were asked about the number of 
places in their local community where they can safely walk, safely bicycle, the number of multi-
purpose trails, and other facilities, places or programs in the community. Table 5.8 shows the 
distribution of these factors. Overall, Canadians generally reported having access to safe 
places to walk (<10% report none at all) and at least some facilities, places and programs for 
PA. Access to places to safely bicycle and multi-purpose trails were less prevalent. 
 
Table 5.8:  Number of places in the community to be active, 2004 PAM 
  
 Places to safely 
walk 
 Places to safely 
bike 
 Multi-purpose 
trails 
 Other facilities, 
places, programs 
  N % N % N % N % 
None at all 848 9.1% 2,323 25.4% 2,435 27.5% 910 9.7% 
Some 3,404 38.6% 3,996 46.0% 4,629 53.0% 4,829 55.0% 
Many 4,458 51.4% 2,193 25.6% 1,360 15.4% 2,913 33.7% 
Doesn't ride bike     144 1.6%         
Don't know/refused 80 .9% 134 1.4% 366 4.1% 138 1.6% 
Total 8,790 100.0% 8,790 100.0% 8,790 100.0% 8,790 100.0% 
 
Table 5.9a and Table 5.9b show that more men than women cite many places in the local 
community where they could safely walk and bicycle, however, there were no sex-related 
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differences regarding the number of multi-purpose trails, and other facilities, places or 
programs in the community. Interestingly, relatively more adults who were 45 years or older 
stated that there are no places to safely walk, no places to safely bicycle, no other types of 
programs, facilities, or places to be active (the latter is significant versus adults 24 years and 
younger) compared those less than 45 years of age. Conversely, a higher percentage of 
younger adults (less than 45) than older adults (65 years and older) said that there are many 
places to safely walk. There is a linear increase in the proportion that reported that there are 
many places to safely walk in the community with education level. Those with less than 
secondary education more frequently said that there were no places to safely walk or bicycle in 
the community, or said that there were no other types of facilities, places or programs to be 
active. This group also less frequently said that there were many places to safely walk, bicycle, 
multi-purpose recreation trails, or other facilities, places, or programs in the community 
compared to those with post-secondary education (see Table 5.9a and Table 5.9b).  
 
Table 5.9a:  Number of places in the community to be active by sex, age, and education, 2004 
PAM 
  
  
  
To safely walk 
  
To safely bike 
% none 
%, 95% CI 
% many 
%, 95% CI 
% none 
%, 95% CI 
% many 
%, 95% CI 
Sex 
Male 8.9%, 8.0-9.9 54.4%, 52.7-56.0 25.0%, 23.6-26.5 27.8%, 26.4-29.4 
Female 9.5%, 8.7-10.4  49.4%, 47.9-50.9 26.4%, 25.2-27.7 24.2%,  22.9-25.5 
Age 
18 to 24 5.1%, 3.8-6.8 55.8%, 52.3-59.2 20.6%, 18.0-23.5 26.0%, 23.1-29.1 
25 to 44 7.9%, 7.0-8.9 52.5%, 50.7-54.3 23.6%, 22.1-25.2 27.8%, 26.2-29.4 
45 to 64 10.7%, 9.7-11.9 51.3%, 49.5-53.2 29.7%, 28.0-31.4 25.4%, 23.8-27.1 
65 and older 12.7%, 11.0-14.7 47.9%, 45.1-50.6 27.5%, 25.1-30.1 22.6%, 20.4-25.0 
Education 
< Secondary 16.9%, 14.9-19.1 41.4%, 38.5-44.2 31.9%, 29.3-34.6 20.3%, 18.0-22.7 
Secondary 11.1%, 9.8-12.5 47.7%, 45.5-49.9 29.6%, 27.6-31.6 24.7%, 22.9-26.7 
College 7.8%, 6.7-9.0 54.5%, 52.2-56.7 24.2%, 22.4-26.1 29.0%, 27.0-31.1 
University 4.9%, 4.2-5.8 58.8%, 56.8-60.7 20.9%, 19.4-22.5 27.4%, 25.7-29.2 
* The remainder represents the category “some” 
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Table 5.9b:  Number of places in the community to be active by sex, age, and education, 2004 
PAM 
  
  
  
Multi-purpose recreation trails 
  
Other facilities, places, program 
% none 
%, 95% CI 
% many 
%, 95% CI 
% none 
%, 95% CI 
% many 
%, 95% CI 
Sex 
Male 28.2%, 26.7-29.8 16.6%, 15.4-17.9 9.8%, 8.9-10.9 33.2%, 31.6-34.8 
Female 29.1%, 27.7-30.5 15.5%,14.4-16.6 10.0%, 9.1-10.9 35.3%, 33.9-36.7 
Age 
18 to 24 26.8%, 23.9-30.0 14.7%, 12.4-17.3 7.3%, 5.7-9.2 39.3%, 36.0-42.7 
25 to 44 28.1%, 26.4-29.7 16.5%, 15.2-17.9 9.0%, 8.0-10.2 34.1%, 32.4-35.8 
45 to 64 30.4%, 28.7-32.1 15.6%, 14.3-17.1 11.4%, 10.3-12.6 31.8%, 30.1-33.6 
65 and older 28.3%, 25.8-31.0 17.0%, 15.0-19.2 11.2%, 9.6-13.1 35.4%, 32.8-38.1 
Education 
< Secondary 31.8%, 29.2-34.6 11.9%, 10.1-13.9 14.8%, 12.9-16.8 23.8%, 21.4-26.4 
Secondary 30.2%, 28.1-32.3 14.4%, 12.9-16.0 11.4%, 10.0-12.9 31.4%, 29.4-33.5 
College 26.7%, 24.8-28.8 18.3%, 16.6-20.2 8.7%, 7.5-10.0 37.4%, 35.3-39.6 
University 27.6%, 25.9-29.4 17.5%, 16.1-19.1 7.3%, 6.3-8.3 39.0%, 37.1-40.9 
* The remainder represents the category “some” 
 
Barriers to physical activity related to the environment – Another key research question in 
this Chapter examines barriers related to the environment and local opportunities to be active, 
and determining if barriers are more prevalent among particular groups.  
 
Overall, roughly half of Canadian adults strongly disagreed that safety concerns, traffic, badly 
maintained sidewalks, and poorly lit sidewalks were concerns for them (Table 5.10a). Slightly 
more than this (63.5%) strongly disagreed that crime is a concern. Regarding opportunities to 
be active, among those strongly agreeing that these potential barriers were a concern, cost 
was the most prevalent barrier (16.4%) followed by unsuitable hours and times for PA 
programs and facilities (13.5%), difficulty getting to places to be active (11.3%), programs and 
facilities are not the right type (10.0%), difficultly finding the right type of coaching (9.8%), and 
then facility maintenance (8.9%) (see Table 5.10b). 
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Table 5.10a:  Barriers related to the environment and PA, 2004 PAM 
  
  
Safety 
concerns 
(n=8,790) 
Traffic  
(n=7,157)  
Crime 
(n=7,156)  
Badly maintained 
sidewalks 
(n=7,156)  
Poorly lit 
sidewalks 
(n=7,156)  
1 anchored as strongly disagree 51.5% 52.3% 63.5% 50.3% 47.3% 
2 14.8% 19.1% 17.4% 17.4% 19.2% 
3 9.5% 10.4% 6.7% 8.7% 11.6% 
4 6.3% 5.4% 3.8% 4.8% 6.2% 
5 6.0% 5.2% 2.8% 4.6% 5.5% 
6 anchored as strongly agree 9.5% 6.3% 4.2% 7.1% 6.2% 
don't know 2.2% 1.3% 1.6% 6.8% 3.9% 
refused .1% .0% .1% .3% .2% 
 
Table 5.10b:  Barriers related to the environment and PA, 2004 PAM 
 
Unsuitable 
hours and 
times 
(n=8,790) 
Difficulty 
getting to 
places 
(n=8,790) 
Program/ 
facilities not 
the right type 
(n=8,790) 
Dollar 
cost too 
high 
(n=8,790) 
Hard to find 
right 
coaching 
(n=8,790) 
Facilities 
not well 
maintained 
(n=8,790) 
1 anchored as 
strongly disagree 
24.1% 40.9% 19.8% 24.6% 23.2% 35.2% 
2 15.8% 18.2% 18.6% 14.9% 18.2% 19.9% 
3 16.3% 12.0% 21.5% 17.0% 19.3% 13.4% 
4 10.8% 7.5% 15.3% 11.5% 11.6% 8.3% 
5 10.1% 7.5% 10.4% 10.7% 9.5% 6.7% 
6 anchored as 
strongly agree 
13.5% 11.3% 10.0% 16.4% 9.8% 8.9% 
don't know 9.1% 2.4% 4.4% 4.9% 8.2% 7.4% 
refused .3% .1% .2% .2% .3% .2% 
 
Table 5.11a and Table 5.11b summarizes the relationships between perceived barriers to 
activity and socio-demographic factors, specifically sex, age, and education. More women than 
men agreed that safety concerns, traffic concerns, crime in the neighbourhood, poorly lit 
sidewalks, high cost of participation, difficulty getting to places to be active, and unsuitable 
hours and times of facilities and programs limit their activity. A greater proportion of older adults 
(65 years and older) cited traffic, crime, poorly lit sidewalks, difficulty in getting to places, 
programs and facilities not being the right type, facilities not being well maintained, high costs 
of participating, and difficulty in finding the right type of coaching as barriers to PA participation 
compared to some younger adults. Generally speaking, concerns about safety increased with 
increasing age. There is an inverse relationship between education and certain barriers, such 
as in the proportion who cite safety concerns, traffic, crime in the neighbourhood, badly 
maintained sidewalks, poorly lit sidewalks, difficulty getting to places to be active, programs 
and facilities not being the right type, hours and times not being suitable, dollar costs being too 
high, difficulty finding the right type of coaching, and facilities not being well maintained. 
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Table 5.11a: Prevalence of barriers by sex, age, and education, 2004 PAM  
 
Safety 
concerns 
%, 95% CI  
Traffic  
%, 95% CI 
Crime  
%, 95% CI 
Badly 
maintained 
sidewalks 
%, 95% CI  
Poorly lit 
sidewalks 
%, 95% CI  
Unsuitable 
hours and 
times 
%, 95% CI 
Sex 
Male 18.4%,  
17.1-19.7 
15.7%,  
14.5-17.1 
9.3%,  
8.3-10.4 
16.4%,  
15.0-17.8 
16.8%,  
15.5-18.3 
35.5%,  
33.8-37.1 
Female 26.2%, 
24.9-27.5 
18.6%,  
17.3-20.0 
12.6%,  
11.5-13.8 
19.2%,  
17.8-20.6 
20.5%,  
19.1-22.0 
40.5%,  
39.0-42.0 
Age 
18 to 24 14.5%,  
12.3-17.1 
14.0%,  
11.7-16.7 
8.4%,  
6.5-10.6 
17.5%,  
14.8-20.6 
17.7%,  
15.1-20.8 
37.2%,  
33.9-40.6 
25 to 44 18.2%,  
16.9-19.7 
15.9%,  
14.5-17.4 
9.0%,  
7.9-10.2 
16.3%,  
14.9-17.8 
18.0%,  
16.5-19.6 
38.4%,  
36.6-40.2 
45 to 64 23.0%,  
21.5-24.6 
16.6%,  
15.1-18.2 
10.6%,  
9.4-12.0 
18.3%,  
16.7-20.0 
17.6%,  
16.0-19.2 
36.6%,  
34.7-38.5 
65 and older 38.3%,  
35.5-41.0 
25.3%,  
22.5-28.3 
19.9%,  
17.3-22.9 
21.4%,  
18.5-24.5 
23.9%,  
21.0-27.0 
41.0%,  
37.9-44.1 
Education 
< Secondary 36.2%,  
33.5-39.1 
25.2%,  
22.4-28.3 
21.1%,  
18.4-24.1 
25.8%,  
22.7-29.1 
27.4%,  
24.3-30.7 
44.3%,  
41.2-47.4 
Secondary 25.8%,  
23.9-27.8 
18.5%,  
16.7-20.5 
12.4%,  
10.8-14.2 
18.9%,  
16.9-21.0 
20.9%,  
18.9-23.0 
39.8%,  
37.6-42.1 
College 18.6%,  
17.0-20.3 
15.4%,  
13.7-17.2 
8.9%,  
7.6-10.4 
16.4%,  
14.6-18.3 
17.6%,  
15.8-19.6 
39.8%,  
37.6-42.1 
University 16.2%,  
14.9-17.7 
14.1%,  
12.7-15.6 
7.3%,  
6.2-8.5 
14.9%,  
13.4-16.5 
14.1%,  
12.6-15.6 
32.1%,  
30.3-34.1 
 
 
Table 5.11b: Prevalence of barriers by sex, age, and education, 2004 PAM  
 Difficulty getting 
to places 
%, 95% CI 
Programs/ facilities 
not the right type 
%, 95% CI 
Dollar cost too 
high 
%, 95% CI 
Hard to find 
right coaching 
%, 95% CI 
Facilities not 
well maintained 
%, 95% CI 
Sex 
Male 24.1%,  
22.7-25.6 
35.8%,  
34.2-37.4 
35.1%,  
33.5-36.7 
32.2%,  
30.6-33.8 
25.9%,  
24.4-27.4 
Female 29.7%,  
28.4-31.1 
38.9%,  
37.4-40.4 
45.9%,  
44.4-47.4 
35.2%,  
33.7-36.7 
25.8%,  
24.4-27.1 
Age 
18 to 24 22.2%,  
19.5-25.2 
33.9%,  
30.8-37.2 
45.9%,  
42.5-49.4 
33.5%,  
30.4-36.9 
19.8%,  
17.2-22.7 
25 to 44 23.3%,  
21.8-24.8 
35.5%,  
33.8-37.3 
39.8%,  
38.0-41.6 
32.3%,  
30.6-34.0 
23.6%,  
22.1-25.2 
45 to 64 26.0%,  
24.4-27.7 
37.2%,  
35.4-39.0 
36.8%,  
35.0-38.6 
33.0%, 
31.2-34.8 
24.9%,  
23.2-26.6 
65 and older 42.5%,  
39.7-45.3 
45.7%,  
42.8-48.6 
46.0%,  
43.0-49.0 
39.6%,  
36.6-42.7 
39.4%,  
36.5-42.3 
Education 
< Secondary 42.0%,  
39.1-44.9 
45.8%,  
42.8-48.7 
48.9%,  
45.9-51.9 
41.7%, 
38.7-44.7 
39.5%,  
36.6-42.5 
Secondary 31.3%,  
29.3-33.4 
41.0%,  
38.8-43.3 
45.8%,  
43.6-48.1 
38.2%,  
36.0-40.4 
29.8%,  
27.8-32.0 
College 23.2%, 
21.4-25.1 
36.3%,  
34.1-38.5 
41.4%,  
39.2-43.7 
31.1%,  
29.0-33.3 
22.5%,  
20.6-24.4 
University 19.2%,  
17.7-20.8 
31.3%,  
29.5-33.1 
31.8%,  
30.0-33.7 
28.1%, 
26.3-30.0 
18.7%,  
17.2-20.3 
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5.3.3 Predicting physical activity and walking 
 
A key research question in this Chapter explored whether sufficient activity and sufficient 
walking differ according to the environmental variables and by perceived environmental 
barriers. Table 5.12a and Table 5.12b shows that there were little significant differences 
between the NEWS items and either sufficient activity or sufficient walking when looking at the 
prevalence estimates, with two exceptions. A greater proportion of individuals living in 
neighbourhoods primarily consisting of high rise apartments (12 stories or higher), and those 
agreeing that neighbourhood crime made it unsafe to walk at night did not achieve the sufficient 
activity criterion. 
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Table 5.12a: NEWS items by sufficient activity, 2004 PAM 
 
Physical activity 
Meeting sufficient activity criteria Not meeting activity criteria 
N % 95% CI N % 95% CI 
Primary type of housing 
Detached single family residences 2,750 66.8% 65.2-68.3 2,342 64.5% 62.8-66.1 
Town/row houses, apartments, or 
condos of 2-3 stories 
336 8.6% 7.7-9.6 297 8.8% 7.9-9.9 
Mixed single-family, town/row 
houses, apartments or condos 
819 20.2% 19.0-21.6 749 20.5% 19.2-22.0 
Apartments/condos 4 to 12 stories 113 2.8% 2.3-3.4 113 3.2% 2.7-3.9 
Apartments/condos more than 12 
stories 
59 1.6% 1.2-2.1 95 2.9% 2.4-3.6 
Many shops, stores, other places within walking distance 
Disagree 1,619 38.1% 36.6-39.7 1,443 38.7% 37.0-40.4 
Agree 2,563 61.9% 60.3-63.4 2,208 61.3% 59.6-63.0 
Transit stop 10-15 minute walk from home 
Disagree 1,567 35.9% 34.4-37.5 1,286 32.7% 31.1-34.4 
Agree 2,598 64.1% 62.5-65.6 2,353 67.3% 65.6-68.9 
There are sidewalks on most of the streets in my neighbourhood 
Disagree 1,393 32.3% 30.8-33.8 1,162 29.9% 28.3-31.5 
Agree 2,802 67.7% 66.2-69.2 2,514 70.1% 68.5-71.7 
There are facilities to bicycle in neighbourhood 
Disagree 1,651 38.8% 37.3-40.4 1,441 38.0% 36.3-39.7 
Agree 2,518 61.2% 59.6-62.7 2,199 62.0% 60.3-63.7 
Neighbourhood has several free or low cost recreation facilities 
Disagree 977 22.8% 21.5-24.1 905 23.6% 22.1-25.1 
Agree 3,207 77.2% 75.9-78.5 2,753 76.4% 74.9-77.9 
Neighbourhood crime rate makes it unsafe to go on walks at night  
Disagree 3,441 83.1% 81.9-84.3 2,853 79.3% 77.9-80.7 
Agree 717 16.9% 15.7-18.1 764 20.7% 19.3-22.1 
Too much traffic makes it difficult or unpleasant to walk 
Disagree 3,234 81.3% 80.0-82.6 2,760 81.4% 79.9-82.7 
Agree 745 18.7% 17.4-20.0 641 18.6% 17.3-20.1 
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Table 5.12b: NEWS items by sufficient walking, 2004 PAM 
 
Walking 
Meet sufficient walking criteria Not meeting walking criteria 
N % 95% CI N % 95% CI 
Primary type of housing 
Detached single family residences 1,623 66.2% 64.2-68.2 3,496 65.5% 64.1-66.8 
Town/row houses, apartments, or 
condos of 2-3 stories 
196 8.3% 7.2.-9.6 437 8.9% 8.1-9.8 
Mixed single-family, town/row 
houses, apartments or condos 
485 20.0% 18.4-21.7 1,083 20.6% 19.4-21.8 
Apartments/condos 4 to 12 stories 83 3.4% 2.8-4.3 143 2.8% 2.4-3.3 
Apartments/condos more than 12 
stories 
45 2.0% 1.5-2.7 109 2.3% 1.9-2.8 
Many shops, stores, other places within walking distance 
Disagree 928 36.4% 34.4-38.4 2,134 39.3% 37.9-40.7 
Agree 1,567 63.6% 61.6-65.6 3,204 60.7% 59.3-62.1 
Transit stop 10-15 minute walk from home 
Disagree 946 36.3% 34.4-38.3 1,907 33.6% 32.3-34.9 
Agree 1,538 63.7% 61.7-65.6 3,413 66.4% 65.1-67.7 
There are sidewalks on most of the streets in my neighbourhood 
Disagree 827 32.3% 30.4-34.3 1,728 30.7% 29.4-32.0 
Agree 1,674 67.7% 65.7-69.6 3,642 69.3% 68.0-70.6 
There are facilities to bicycle in neighbourhood 
Disagree 952 37.9% 35.9-39.9 2,140 38.7% 37.4-40.1 
Agree 1,532 62.1% 60.1-64.1 3,185 61.3% 59.9-62.6 
Neighbourhood has several free or low cost recreation facilities 
Disagree 567 22.2% 20.5-24.0 1,315 23.6% 22.4-24.8 
Agree 1,928 77.8% 76.0-79.5 4,032 76.4% 75.2-77.6 
Neighbourhood crime rate makes it unsafe to go on walks at night  
Disagree 2,051 82.9% 81.3-84.4 4,243 80.6% 79.5-81.8 
Agree 431 17.1% 15.6-18.7 1,050 19.4% 18.2-20.5 
Too much traffic makes it difficult or unpleasant to walk 
Disagree 1,885 80.8% 79.0-82.4 4,109 81.6% 80.5-82.8 
Agree 454 19.2% 17.6-21.0 932 18.4% 17.2-19.5 
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Table 5.13a and Table 5.13b shows that the number of places to be active was associated with 
both sufficient activity and walking. More specifically, a greater proportion of adults who 
reported that there were many multi-purpose trails, places to safely walk, and other places to 
be active in the community were active and walked sufficient amounts.  A greater proportion of 
Canadians that met the sufficiently walking criterion indicated that there were many places to 
bicycle compared to those who did not walk enough. Relatively more adults who did not meet 
the sufficiently active criteria did not ride a bicycle compared to those who are sufficiently 
active.   
 
Table 5.13a: Number of places to be active by sufficient activity, 2004 PAM 
 
Physical activity 
Meeting sufficient activity criteria Not meeting activity criteria 
N % 95% CI N % 95% CI 
Places to safely walk 
None 409 8.8% 8.0-9.7 439 9.7% 8.8-10.6 
Some 1,656 37.2% 35.7-38.7 1,748 40.9% 39.4-42.5 
Many 2,407 54.0% 52.5-55.5 2,051 49.4% 47.8-51.0 
Places to safely bike  
None 1,158 25.0% 23.7-26.4 1,165 26.6% 25.2-28.0 
Some 2,055 46.9% 45.4-48.5 1,941 46.3% 44.7-48.0 
Many 1,203 27.1% 25.8-28.5 990 24.7% 23.3-26.1 
Does not ride a bike 37 1.0% 0.6-1.4 107 2.4% 2.0-2.9 
Multi-purpose recreation trails 
None 1,196 27.4% 26.0-28.8 1,239 30.1% 28.6-31.6 
Some 2,390 55.2% 53.6-56.8 2,239 55.4% 53.7-57.0 
Many 783 17.4% 16.3-18.6 577 14.5% 13.4-15.8 
Other places to be active in the community 
None 440 9.5% 8.6-10.4 470 10.4% 9.4-11.4 
Some 2,408 54.2% 52.7-55.8 2,421 57.6% 56.0-59.2 
Many 1,612 36.3% 34.8-37.8 1,301 32.0% 30.5-33.5 
 
  
Chapter Five – Physical environmental factors associated with total activity and walking 
 
 
Page 111 
 
 
Table 5.13b: Number of places to be active by sufficient walking, 2004 PAM 
 
Walking 
Meet sufficient walking criteria Not meeting walking criteria 
N % 95% CI N % 95% CI 
Places to safely walk 
None 239 8.6% 7.6-9.8 609 9.5% 8.7-10.3 
Some 958 36.4% 34.5-38.4 2,446 40.1% 38.8-41.5 
Many 1,458 55.0% 53.0-57.0 3,000 50.4% 49.1-51.7 
Places to safely bike  
None 675 24.7% 23.0-26.5 1,648 26.2% 25.1-27.4 
Some 1,165 44.4% 42.4-46.5 2,831 47.6% 46.3-49.0 
Many 776 29.8% 28.0-31.7 1,417 24.2% 23.1-25.4 
Does not ride a bike 25 - - 119 1.9% 1.6-2.3 
Multi-purpose recreation trails 
None 703 26.8% 25.1-28.7 1,732 29.5% 28.3-30.8 
Some 1,411 54.9% 52.9-57.0 3,218 55.4% 54.1-56.8 
Many 476 18.2% 16.7-19.9 884 15.1% 14.1-16.1 
Other places to be active in the community 
None 262 9.3% 8.2-10.6 648 10.2% 9.4-11.0 
Some 1,413 54.1% 52.1-56.1 3,416 56.6% 55.3-58.0 
Many 968 36.6% 34.6-38.5 1,945 33.2% 32.0-34.5 
- Data suppressed due to insufficient cell size 
 
Perceived barriers related to the physical environment were also associated with sufficient 
activity and walking, as described in Table 5.14a and Table 5.14b. In particular, those who did 
not meet the sufficient activity criteria were more likely to agree that concerns about safety, 
traffic, and crime kept them from being more active, found it too hard to get to places to be 
more active, said that the facilities and programs are not the right type for them, said the sport 
and recreation facilities are not well-maintained, reported that the hours and times did not suit, 
found the cost too high, and found it difficult to find the right type of coaching or instruction. 
Moreover, those who did not meet the sufficient walking criteria were more likely to agree that 
concerns about safety prevent them from being more active and that too much crime prevented 
them from walking or bicycling, and to agree that the sport and recreation facilities are not well 
maintained.
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Table 5.14a: Barriers related to the physical environment by achieving or not achieving the 
sufficient activity criterion, 2004 PAM 
 
Physical activity 
Meeting sufficient activity criterion Not meeting activity criterion 
N % 95% CI N % 95% CI 
Concerns about your safety keep you from walking or bicycling 
Disagree 3556 80.6% 79.3-81.7 3049 74.3% 72.9-75.7 
Agree 891 19.4% 18.3-20.7 1080 25.7% 24.3-27.1 
There’s too much traffic in your area for walking or bicycling 
Disagree 3118 84.3% 83.0-85.5 2715 81.1% 79.7-82.5 
Agree 585 15.7% 14.5-17.0 642 18.9% 17.5-20.3 
In your area there’s too much crime on the streets for safe walking or bicycling 
Disagree 3338 90.2% 89.1-91.2 2916 87.7% 86.5-88.9 
Agree 362 9.8% 8.8-10.9 415 12.3% 11.1-13.5 
Badly maintained sidewalks and bike lanes in your area keep you from bicycling 
Disagree 2909 82.7% 81.4-84.0 2513 81.7% 80.2-83.1 
Agree 623 17.3% 16.0-18.6 576 18.3% 16.9-19.8 
Poorly lit sidewalks and streets in your area keep you from walking or bicycling 
Disagree 2966 82.2% 80.8-83.5 2591 80.4% 78.9-81.9 
Agree 642 17.8% 16.5-19.2 649 19.6% 18.1-21.1 
The hours and class times offered by your local centres don’t suit  
Disagree 2638 63.5% 62.0-65.1 2260 60.2% 58.5-61.8 
Agree 1533 36.5% 34.9-38.0 1503 39.8% 38.2-41.5 
It’s too hard for you to get to those places where you can be active  
Disagree 3339 75.7% 74.3-77.0 2868 70.0% 68.5-71.5 
Agree 1089 24.3% 23.0-25.7 1261 30.0% 28.5-31.5 
The programs and facilities that are available are not the right type for you 
Disagree 2802 64.5% 63.0-66.0 2408 60.5% 58.9-62.1 
Agree 1568 35.5% 34.0-37.0 1603 39.5% 37.9-41.1 
The dollar costs of doing physical activities are too high for you 
Disagree 2643 61.1% 59.6-62.7 2293 57.4% 55.7-59.0 
Agree 1698 38.9% 37.3-40.4 1694 42.6% 41.0-44.3 
It’s too hard to find the right kind of coaching or instruction 
Disagree 2879 68.4% 66.9-69.9 2411 63.8% 62.2-65.5 
Agree 1341 31.6% 30.1-33.1 1388 36.2% 34.5-37.8 
The sport and recreation facilities are not well-maintained in your community 
Disagree 3207 75.7% 74.3-77.0 2797 72.4% 70.9-73.9 
Agree 1038 24.3% 23.0-25.7 1075 27.6% 26.1-29.1 
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Table 5.14b: Barriers related to the physical environment by achieving or not achieving the 
sufficient walking criterion, 2004 PAM 
 
Walking 
Meet sufficient walking criterion Not meeting walking criterion 
N % 95% CI N % 95% CI 
Concerns about your safety keep you from walking or bicycling 
Disagree 2106 80.7% 79.1-82.2 4499 76.2% 75.1-77.3 
Agree 521 19.3% 17.8-20.9 1450 23.8% 22.7-24.9 
There’s too much traffic in your area for walking or bicycling 
Disagree 1862 84.8% 83.1-86.3 3971 81.9% 80.8-83.1 
Agree 340 15.2% 13.7-16.9 887 18.1% 16.9-19.2 
In your area there’s too much crime on the streets for safe walking or bicycling 
Disagree 2009 91.4% 90.1-92.6 4245 88.0% 87.0-89.0 
Agree 195 8.6% 7.4-9.9 582 12.0% 11.0-13.0 
Badly maintained sidewalks and bike lanes in your area keep you from bicycling 
Disagree 1741 82.8% 81.0-84.5 3681 82.0% 80.7-83.1 
Agree 360 17.2% 15.5-19.0 839 18.0% 16.9-19.3 
Poorly lit sidewalks and streets in your area keep you from walking or bicycling 
Disagree 1777 82.9% 81.1-84.5 3780 80.6% 79.4-81.8 
Agree 368 17.1% 15.5-18.9 923 19.4% 18.2-20.6 
The hours and class times offered by your local centres don’t suit you 
Disagree 1493 60.9% 58.8-62.9 3405 62.5% 61.1-63.9 
Agree 960 39.1% 37.1-41.2 2076 37.5% 36.1-38.9 
It’s too hard for you to get to those places where you can be active  
Disagree 1941 74.6% 72.8-76.3 4266 72.3% 71.1-73.5 
Agree 671 25.4% 23.7-27.2 1679 27.7% 26.5-28.9 
The programs and facilities that are available are not the right type for you 
Disagree 1603 62.4% 60.4-64.3 3607 62.7% 61.4-64.1 
Agree 978 37.6% 35.7-39.6 2193 37.3% 35.9-38.6 
The dollar costs of doing physical activities are too high for you 
Disagree 1512 58.8% 56.8-60.9 3424 59.6% 58.3-61.0 
Agree 1039 41.2% 39.1-43.2 2353 40.4% 39.0-41.7 
It’s too hard to find the right kind of coaching or instruction 
Disagree 1690 67.2% 65.3-69.2 3600 65.9% 64.5-67.2 
Agree 812 32.8% 30.8-34.7 1917 34.1% 32.8-35.5 
The sport and recreation facilities are not well-maintained in your community 
Disagree 1931 76.8% 75.0-78.5 4073 73.0% 71.7-74.2 
Agree 575 23.2% 21.5-25.0 1538 27.0% 25.8-28.3 
 
 
The previous results described how sufficient activity and sufficient walking varies by 
environmental variables and by perceived environmental barriers. Considering all of the 
environmental factors and perceived environmental barriers, which were more strongly related 
to sufficient activity and sufficient walking? Table 5.15 shows that there were relatively few 
relationships between the NEWS environmental factors in predicting sufficient activity and 
walking levels when controlling for age, sex, and education. Adults living in neighbourhoods 
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with predominately high-rise apartments (12 stories or higher) are less likely to achieve the 
sufficient activity criterion. Adults who agreed that there are many shops, stores, markets within 
easy walking distance of their home had a greater likelihood of achieving sufficient walking 
levels. Adults that agreed that neighbourhood crime made it unsafe to go on walks at night, had 
a lower likelihood of achieving the sufficient activity.  
 
Table 5.15: Odds ratios of sufficient activity and sufficient daily walking by NEWS factors, 2004 
PAM 
NEWS environmental 
factors 
Sufficient activity Sufficient walking 
Odds Ratio* 95% CI Odds Ratio* 95% CI 
Primary type of housing 
Detached single family 
residences 
Reference Reference 
Town/row houses, condos, 
apartments of 2-3 stories 
0.91 0.74 1.12 0.86 0.70 1.07 
Mixed single-family, 
town/row houses, condos, 
apartments  
0.99 0.86 1.14 0.94 0.82 1.09 
Apartments/condos 4-12 
stories 
0.81 0.59 1.10 1.15 0.83 1.59 
Apartments/condos more 
than 12 stories 
0.50 0.34 0.73 0.88 0.59 1.33 
Many shops, stores, market or other places are within walking distance 
Disagree or not applicable Reference Reference 
Agree 1.13 1.00 1.28 1.24 1.08 1.42 
Transit stop is 10-15 minute walk from home 
Disagree or not applicable Reference Reference 
Agree .88 .77 1.01 .88 .76 1.01 
There are sidewalks on most of the streets in my neighbourhood 
Disagree or not applicable Reference Reference 
Agree .90 .77 1.04 .94 .81 1.09 
There are facilities to bicycle in or near neighbourhood 
Disagree or not applicable Reference Reference 
Agree 1.01 .89 1.14 1.02 .90 1.16 
Neighbourhood has several free or low cost recreation facilities 
Disagree or not applicable Reference Reference 
Agree 1.03 .89 1.19 1.05 .90 1.23 
Crime rate in neighbourhood makes it unsafe to go on walks at night  
Disagree or not applicable Reference Reference 
Agree .86 .75 1.00 .87 .74 1.01 
Too much traffic on streets making it difficult or unpleasant to walk 
Disagree or not applicable Reference Reference 
Agree 1.13 .98 1.30 1.09 .94 1.26 
*  adjusted for age, sex, education level 
 
Table 5.16 indicates that based on 2004 PAM data, ratings about the amount of the availability 
of multi-purpose recreation trails predicts sufficient PA. There were few significant relationships 
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between the availability of opportunities in the community and sufficient walking and activity, 
with one exception; citing many multi-purpose trails in the community was associated with a 
higher likelihood of sufficient activity.    
 
Table 5.16: Odds ratios of sufficient activity and walking by availability of opportunities, 2004 
PAM 
Availability of an 
environment supporting 
PA 
Sufficient activity Sufficient walking 
Odds 
Ratio* 95% CI 
Odds 
Ratio* 95% CI 
Amount of places to safely walk (sidewalks, trails, and so on) 
None at all Reference Reference 
Some  .88 .73 1.06 .95 .78 1.17 
Many .98 .80 1.19 1.04 .84 1.29 
Amount of places to safely ride a bike (designated bike lanes, paths) 
None at all Reference Reference 
Some  .96 .84 1.09 .89 .77 1.02 
Many .92 .78 1.08 1.09 .92 1.30 
Does not ride bike .61 .31 1.22 .98 .46 2.07 
Amount of multi-purpose recreation trails 
None at all Reference Reference 
Some  1.08 .95 1.21 1.05 .92 1.19 
Many 1.23 1.03 1.46 1.17 .97 1.40 
Amount of other facilities, places or programs in the community 
None at all Reference Reference 
Some  1.00 .84 1.18 1.01 .84 1.22 
Many 1.17 .96 1.41 1.10 .90 1.36 
*  adjusted for age, sex, education level 
 
Table 5.17 examines the association between barriers to participation and meeting the 
sufficient walking and activity criteria. Generally speaking, there were very few significant 
relationships, with one exception. Adults who agreed that safety concerns keep them from 
walking or bicycling were less likely to meet the sufficient activity criterion; however there were 
no significant relationships with sufficient walking. 
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Table 5.17: Odds ratios of sufficient activity and walking by barriers, 2004 PAM 
Ratings 
of 
barriers 
Sufficient activity Sufficient walking 
Odds 
Ratio* 95% CI Odds Ratio* 95% CI 
Concerns about your safety keep you from walking or bicycling 
Disagree Reference Reference 
Agree .74 .59 .92 .80 .63 1.02 
There’s too much traffic in your area for walking or bicycling 
Disagree Reference Reference 
Agree .95 .78 1.15 .93 .76 1.13 
In your area there’s too much crime on the streets for safe walking or bicycling 
Disagree Reference Reference 
Agree 1.17 .93 1.47 .85 .66 1.09 
Badly maintained sidewalks and bike lanes in your area keep you from bicycling 
Disagree Reference Reference 
Agree 1.09 .90 1.31 1.16 .96 1.41 
Poorly lit sidewalks and streets in your area keep you from walking or bicycling 
Disagree Reference Reference 
Agree 1.06 .87 1.28 .85 .70 1.03 
The hours and class times offered by your local centres don’t suit you 
Disagree Reference Reference 
Agree .94 .82 1.07 1.12 .98 1.29 
It’s too hard for you to get to those places where you can be active  
Disagree Reference Reference 
Agree .94 .81 1.10 1.04 .89 1.23 
The programs and facilities that are available are not the right type for you 
Disagree Reference Reference 
Agree 1.01 .88 1.15 1.06 .92 1.22 
The dollar costs of doing physical activities are too high for you 
Disagree Reference Reference 
Agree .91 .80 1.04 1.01 .88 1.15 
It’s too hard to find the right kind of coaching or instruction 
Disagree Reference Reference 
Agree .90 .78 1.04 .99 .86 1.15 
The sport and recreation facilities are not well-maintained in your community 
Disagree Reference Reference 
Agree .98 .83 1.15 .91 .77 1.08 
* adjusted for age, sex, education level 
Table 5.18 subsequently examines the NEWS items, the number of places in the community to 
be active, and barriers in a full model, while adjusting for sex, age, and education. Based on 
this model, adults who agreed that there are many shops, stores, markets within easy walking 
distance of their home had a greater likelihood of achieving sufficient walking levels. Canadians 
who agreed that a transit stop is within a 10 to 15 minute walk or that there were facilities to 
bicycle in the neighbourhood, were less likely to be active. In addition, those who agreed that 
there was too much traffic on the streets were more likely to be sufficiently active. One barrier 
was associated with activity and walking; adults who agreed that they had concerns about 
safety for walking and bicycling were less likely to be sufficiently active.  
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Table 5.18: Odds ratios of sufficient activity and walking by environmental factors, 2004 PAM 
 Sufficient activity Sufficient walking 
Odds ratio* 95% CI Odds ratio* 95% CI 
Neighbourhood Environment Walkability Scale 
Primary type of housing 
Detached single 
family 
residences 
Reference Reference 
Town/row 
houses, low rise 
condos, apts  
0.93 0.72 1.20 0.80 0.62 1.04 
Mix of housing  1.08 0.91 1.28 0.90 0.76 1.07 
Mid-rise apts 1.14 0.77 1.68 1.05 0.70 1.58 
High rise apts 0.69 0.43 1.11 1.08 0.65 1.80 
Many shops, stores, market or other places are within walking distance 
Disagree* Reference Reference 
Agree 1.10 .94 1.28 1.25 1.06 1.47 
Transit stop is 10-15 min  walk from home 
Disagree* Reference Reference 
Agree .85 .72 .99 .92 .78 1.09 
There are sidewalks on most of the streets in my neighbourhood 
Disagree* Reference Reference 
Agree .92 .77 1.10 .88 .73 1.06 
There are facilities to bicycle in or near neighbourhood 
Disagree* Reference Reference 
Agree .83 .70 1.00 .85 .71 1.03 
Neighbourhood has several free or low cost recreation facilities 
Disagree* Reference Reference 
Agree .93 .76 1.13 1.01 .83 1.25 
Crime rate in neighbourhood makes it unsafe to go on walks at night  
Disagree* Reference Reference 
Agree .93 .77 1.14 .87 .70 1.07 
Too much traffic on streets making it difficult or unpleasant to walk 
Disagree* Reference Reference 
Agree 1.28 1.05 1.56 1.20 .98 1.46 
Availability of facilities supporting physical activity 
Amount of places to safely walk (sidewalks, trails, and so on) 
None at all Reference Reference 
Some  .92 .68 1.25 .92 .67 1.26 
Many 1.04 .76 1.44 1.03 .74 1.45 
Amount of places to safely ride a bike (designated bike lanes, paths) 
None at all Reference Reference 
Some  1.16 .95 1.42 1.05 .85 1.30 
Many 1.08 .84 1.40 1.24 .95 1.61 
Does not ride .39 .12 1.23 .93 .25 3.44 
Amount of multi-purpose recreation trails 
None at all Reference Reference 
Some  1.05 .89 1.24 .96 .81 1.13 
Many 1.17 .93 1.48 1.08 .85 1.36 
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Amount of other facilities, places or programs in the community 
None at all Reference Reference 
Some  .96 .74 1.26 .97 .73 1.29 
Many 1.14 .85 1.52 1.07 .79 1.46 
Barriers for physical activity 
Concerns about your safety keep you from walking or bicycling 
Disagree  Reference Reference 
Agree .72 .56 .92 .81 .62 1.06 
There’s too much traffic in your area for walking or bicycling 
Disagree  Reference Reference 
Agree .89 .71 1.12 .86 .68 1.09 
In your area there’s too much crime on the streets for safe walking or bicycling 
Disagree  Reference Reference 
Agree 1.23 .94 1.60 .89 .67 1.18 
Badly maintained sidewalks and bike lanes in your area keep you from bicycling 
Disagree  Reference Reference 
Agree 1.00 .81 1.23 1.10 .88 1.38 
Poorly lit sidewalks and streets in your area keep you from walking or bicycling 
Disagree  Reference Reference 
Agree 1.09 .88 1.35 .91 .73 1.13 
The hours and class times offered by your local centres don’t suit you 
Disagree  Reference Reference 
Agree .90 .77 1.04 1.16 1.00 1.35 
It’s too hard for you to get to those places where you can be active  
Disagree  Reference Reference 
Agree .96 .81 1.15 1.08 .90 1.30 
The programs and facilities that are available are not the right type for you 
Disagree  Reference Reference 
Agree 1.05 .91 1.22 1.08 .92 1.26 
The dollar costs of doing physical activities are too high for you 
Disagree  Reference Reference 
Agree .93 .81 1.08 1.06 .91 1.23 
It’s too hard to find the right kind of coaching or instruction 
Disagree  Reference Reference 
Agree .91 .78 1.07 1.04 .88 1.22 
The sport and recreation facilities are not well-maintained in your community 
Disagree  Reference Reference 
Agree 1.03 .86 1.23 .93 .77 1.12 
* adjusted for age, sex, education level 
 
5.4 Discussion  
 
A central research question of this Chapter asked how active are Canadians? Results from this 
survey indicate that in 2004, slightly more than half of Canadian adults (52.2%) accumulated 
enough PA to be considered sufficiently active and 31.0% walked enough to do sufficient 
walking. Given the relatively low proportions of adults who reported enough walking to meet the 
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sufficient walking criteria of 60 minutes daily, and the moderate proportion of adults who 
reported that they perform enough daily PA to be considered sufficiently active, understanding 
the role of the physical environment in helping to explain PA behaviour, or the lack thereof, is 
important. Strengths of the 2004 PAM, as a data source, was that the survey content permitted 
the examination of the relationships between environmental supports and barriers to PA levels 
and walking behaviours, and the determination as to whether these differed between 
population groups. Similar questions on PAMs over time, permit a comparison of trend data to 
ensure consistent findings (see Appendix A). 
 
Findings from this Chapter indicated that key populations are more likely to perceive barriers to 
being active, such as women, older adults, and lower educated adults. It is interesting to note 
that these are also the same population groups who are less likely to be active [Cameron et al., 
2005]. One of the limitations of this survey data is that it is cross-sectional and as such, causal 
relationships cannot be construed. However, one can speculate that the increased prevalence 
of barriers can mediate PA behaviour. Further research probing the relationship between key 
population groups and potential enabling factors is warranted. Understanding the relationships 
between these key population groups and enabling factors, or the prevalence of barriers for PA 
or walking behaviours, may be particularly important for promotional or social marketing 
campaigns in order to increase PA. For example, some research has shown that residents of 
low socio-economic areas were more likely to report walking, potentially due to greater density 
within these neighbourhoods, however, participation in vigorous activity was lower among this 
population leading to speculation that it may be due in part to cost and low visibility of 
opportunities [Ross, 2000; Giles-Corti & Donovan, 2002]. Indeed, neighbourhood density also 
appears to be associated with the demographics of the population within the 2004 PAM, 
whereby more young adults who lived in higher density neighbourhoods (more young adults 
lived in townhouses, row houses or low rise apartment buildings compared to those aged 25 
and older, or living in apartments or condos of 4 to 12 stories), generally reported more 
amenities. Interestingly, a higher percentage of young adults than older adults said that there 
are many places to safely walk. More adults 45 years and older lived in single-detached 
housing, and stated that there are no places to safely walk, no places to safely bicycle, and that 
there were no other types of programs, facilities, places to be active in the community, 
compared to their younger counterparts.  
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Walking is a relatively easy and low-cost activity for all age groups. It is a relatively convenient 
activity that involves little skill. It is therefore a key activity to promote to those who are less 
active in order to increase overall activity levels either on its own or through a combination of 
activities in which walking may play a greater role. As with bicycling, walking for commuting has 
the potential of influencing health outcomes, such as contributing to the prevention of 
increasing obesity rates [Bassett et al., 2005]. Research has shown a relationship between 
walking and obesity among industrialized nations (Europe and North America), where the 
proportion of walking trips was inversely related to obesity rates, as was the total percentage of 
walking, bicycling, and public transit trips [Bassett et al., 2008]. 
 
Neighbourhood walkability, including factors such as mixed land use, networking of streets, and 
residential density, has been found to be related to PA, however, these relationships varied 
among different population groups [Sallis et al., 2005]. Indeed, results from this Chapter also 
indicated that disparities exist by age, education, and gender. Younger adults cited more 
amenities in the neighbourhood, whereas older adults cited crime as an issue. In addition, 
results from this Chapter showed that a lower proportion of individuals with lower education 
levels indicated that there were transit stops nearby, that there were sidewalks on most streets, 
that there were facilities to bicycle, that there were several free or low cost recreational 
facilities, yet more agreed that crime rate made it unsafe. Similarly, a greater proportion of 
those with lower education said that there were no places to walk or bicycle, no other types of 
facilities and programs in their communities compared to higher educated individuals. Again, 
increasing the “visibility” of physical activities opportunities in low socio-economic areas may 
contribute to the social norms of that area, potentially affecting behaviour change or increased 
activity participation [Giles-Corti & Donovan, 2002]. 
 
Other studies in the United States have used the NEWS measures and found that supportive 
walking and bicycling environments, availability of free or low cost recreational opportunities, 
and low neighbourhood crime rates were associated with higher levels of PA [Ainsworth et al., 
2005] whereas in this study we examined both total activity and walking behaviours in relation 
to these measures. In an international study examining the NEWS variables in relation to 
walking and activity level, it was found that the housing type, nearby shops, the availability of 
sidewalks, bicycling facilities and low cost recreational facilities were associated with walking 
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[Sallis et al., 2009]. In this Canadian study, the relationships found with walking varied slightly 
from those described above. Similar to the other studies, the availability of nearby shops was 
positively associated with walking and neighbourhood crime was associated with lower levels 
of activity (in one model, not the larger model), but not walking. The international study found 
that the availability of sidewalks was associated with sufficient activity, whereas in this study, it 
was not associated with sufficient walking or activity [Sallis et al., 2009]. In addition, the 
international studies found supportive bicycling environments and availability of free or low cost 
recreational opportunities were associated with higher levels of PA and walking [Sallis et al., 
2009]. In this study, low cost-recreational facilities were not associated with walking or PA, 
however, facilities to bicycle were associated with lower likelihood of activity. Understanding the 
differences between Canadian perceptions’ about their local environment and perceptions’ by 
residents of other countries is warranted to explain the differences in these findings. The 
majority of Canadians generally rated aspects of the physical environment as supportive of PA. 
According to the results presented in this Chapter, Canadians seem to have good access to 
facilities and opportunities to be active in their communities. As examples, Canadians generally 
reside in close proximity to PA amenities or facilities, the majority report that PA opportunities 
are available, and crime and traffic are not generally perceived as major barriers to PA in 
neighbourhoods. Perhaps the lack of many significant associations between the environmental 
variables in predicting walking and activity behaviour -- this is clearly evident for the number of 
places to be active, and somewhat so for the NEWS items -- may result from the skewed data 
in which Canadians perceive environmental supports and facilities as pervasive. Furthermore, 
findings from this Chapter showed that Canadians’ perceptions about the amount of places to 
be active in the local environment, specifically the availability of safe walking areas were 
related with sufficient walking and activity when looking at the prevalence data, however, in the 
model adjusting for age, sex and education, the availability of multi-purpose recreational trails 
predicted sufficient activity only (however, was not significant in the full model). The findings in 
this Chapter somewhat supports other studies that found that access to facilities such as trails, 
was positively correlated with PA and walking or activity (specific types such as recreational 
walking or higher odds of regular activity) [Librett et al., 2006; Dunton et al., 2009]. However, 
given that the amount of safe places to walk and to bicycle was not predictive of sufficient 
walking or sufficient activity when tested in conjunction with trails and other places and 
programs and the overall prevalence of safe places to walk, it may be the overall amount or 
combination of opportunities that defines an activity friendly environment. Given the data used 
Chapter Five – Physical environmental factors associated with total activity and walking 
 
 
Page 122 
 
in these analyses are self-reported and as such, may therefore reflect perceptions of the 
amount rather than an absolute rating of availability, further research understanding dose 
responses regarding environmental considerations in a country with such abundant 
opportunities, is warranted.  
 
In this study, reporting that the programs and facilities that are available are not the right type, 
or that class hours and timing are barriers was associated with sufficient activity when 
examining the prevalence data (however, was not related in the logistic regression model). This 
suggests that other factors such as perceived behavioural control, self-efficacy or intentions 
may be more important predictors of sufficient PA and walking, when environmental supports 
are lacking. Considering the findings from the previous Chapter on individual level factors 
related to PA and the relationships that appear in this Chapter regarding the environmental 
correlates and the associations regarding barriers to PA and walking, it appears that the use of 
a full ecological model is warranted in order to examine interpersonal, social, and 
environmental (physical and policy level) factors associated with PA and walking behaviours. 
The next Chapter will examine each of these types of factors independently and in a fully 
adjusted model in predicting sufficient levels of walking and activity. 
 
Summary of Chapter Five 
 
Chapter Two provided a very brief review of the literature in the area of the physical environment. This research 
has evolved tremendously in the past 20 years, incorporating new objective tools of measurement in addition to 
more subjective instruments. Generally speaking, associations between availability, accessibility and convenience 
of destinations/facilities, neighbourhood features and aesthetics have been found in the literature to be associated 
to some degree with PA in general and some types of walking. 
 
Based on a study conducted within the broader Canadian PA surveillance system, factors concerning the physical 
environment in relation to PA and walking were examined. Based on the findings of the literature summary in 
Chapter Two, it is expected that certain neighbourhood features will be predictive of PA and walking. 
 
This Chapter analyses data from the 2004 Physical Activity Monitor, which is a random and nationally 
representative study of adults conducted in Canada. These measures are described briefly in this Chapter in terms 
of data treatment and analysis protocols. As a sum of the research questions, this Chapter investigates: 
 the prevalence of sufficient PA and walking, and do they differ by covariates; 
 which environmental-level correlates of PA are influenced by demographic factors; and, 
 which environmental-level correlates predict sufficient PA and walking. 
 
Three sets of measures were used in this Chapter to explore the physical environment: the presence of places to 
be active, the amount of places to be active, and perceived barriers pertaining to the environment. Firstly, the 
survey asked the primary type of housing which attempts to assess density of neighbourhood, and this measure 
was associated with age, sex, and education. A greater proportion of middle-aged and older individuals reside in 
neighbourhoods characterized primarily by single dwelling homes, whereas mixed housing neighbourhoods are 
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more prevalent among younger adults. The availability of places to be active in order to assess mixed land use, 
availability, and access was assessed. More women than men agree that neighbourhood crime makes it unsafe to 
walk. Relatively more young adults cite nearby shops, transit stops, sidewalks on most streets, and that there are 
several free or low cost recreation facilities in the neighbourhood. Older adults, however, agree that 
neighbourhood crime affects their walking compared to younger adults (25 to 64 years). Fewer less educated 
adults say that transit stops are nearby, that there are sidewalks on most streets, that there are facilities to bicycle, 
and several free or low cost recreation facilities in the neighbourhood, yet more agreed that crime rate was an 
issue. 
 
Secondly, information on the amount of places to be active was assessed. More men than women said that there 
are many places in the local community where they could safely walk and bicycle. Relatively more older adults 
stated that there are no places to safely walk, no places to safely bicycle, no other types of programs, facilities, or 
places to be active in the community compared to younger counterparts. There is a linear increase in the 
proportion that reported that there are many places to safely walk in the community with education level. Those 
with less than secondary education more frequently said that there were no places to safely walk or bicycle in the 
community, or said that there were no other types of facilities, places or programs to be active.  
 
More women and older adults cite many of the barriers to participation. Concerns about safety generally increased 
with increasing age. An inverse relationship existed between education and many barriers. 
 
Relatively few relationships between the NEWS environmental factors existed in predicting sufficient activity and 
walking levels when controlling for age, sex, and education. Adults living in neighbourhoods with predominately 
high-rise apartments (12 stories or higher) were less likely to achieve the sufficient activity criterion. Adults who 
agreed that there are many shops, stores, markets within easy walking distance had a greater likelihood of 
achieving sufficient walking levels. Adults who agreed that neighbourhood crime made it unsafe to go on walks at 
night, had a lower likelihood of achieving the sufficient activity.  
 
Similarly, there were very few significant relationships in terms of the number of places available in the community 
and perceived barriers preventing PA. Adults who reported that there are ‘many’ multi-purpose recreation trails 
had a greater likelihood of being sufficiently active.  Adults who agreed that safety concerns kept them from 
walking or bicycling were less likely to meet the sufficient activity criterion; however there were no significant 
relationships with sufficient walking. 
 
Neighbourhood walkability, including factors such as mixed land use, networking of streets, and residential 
density, has been found to be related to PA, however, these relationships varied among different population 
groups [Sallis et al., 2005]. Indeed, results from this Chapter also indicated that disparities exist by age, sex, and 
education. Understanding the differences between Canadian perceptions’ about their local environment and 
perceptions’ by residents of other countries is warranted to explain the differences in findings between this study 
and those internationally. Canadians generally rated aspects of the physical environment as supportive of PA, they 
seem to have good access to facilities and opportunities to be active in their communities, and crime and traffic 
are not generally perceived as major barriers to PA in neighbourhoods. Perhaps the lack of significant 
associations in predicting walking and activity behaviour may result from the skewed data in which Canadians 
perceive environmental supports and facilities as pervasive. Access to facilities such as trails, was positively 
correlated with PA and walking or activity (specific types such as recreational walking or higher odds of regular 
activity) [Librett et al., 2006; Dunton et al., 2009] and supports findings from this Chapter to a certain degree. 
Considering the findings from Chapter Four and Chapter Five, a full ecological model is warranted in order to 
examine interpersonal, social, and environmental factors associated with PA and walking behaviours. 
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6.1 Introduction 
 
In an earlier Chapter of this thesis, the individual factors related to walking and PA was examined. 
The individual factors explored in Chapter Four built on the Theory of Planned Behavior (TPB) 
[Ajzen, 1985; Ajzen, 1988; Ajzen, 1991]. The theoretical assumptions in the TPB state that 
intention is a direct determinant for the behaviour. Moreover, determinants of intention include 
attitudes, subjective norm (which reflects the social pressure to perform the behaviour) and 
perceived behavioural control. Attitudes can be influenced by personal beliefs about the 
behaviour, whereas subjective norms are based on beliefs about the normative beliefs within the 
social environment, and perceived behavioural control is based on opportunities to perform the 
behaviour [Ajzen, 1985; Ajzen, 1991; Courneya, 1995]. As described in Chapter Two, much 
literature supports the validation of theory for explaining intention to be active [Godin & Kok, 1996; 
Hagger, Chatzisarantis & Biddle, 2002], and is used extensively in research, however, less 
research is available for predicting intention to walk [Rhodes et al., 2007]. Many of the elements of 
the TPB are consistent with the Hierarchy of Effects (HOE) Model developed for health 
communication campaigns, which suggests a hierarchical series of effects from immediate 
impacts (awareness) to more proximal impacts (i.e., increased knowledge, saliency, attitudes and 
health beliefs, self-efficacy, and intention) to longer term effects including the trial of PA, and the 
long term maintenance of activity [McGuire, 1984; Cavill & Bauman, 2004]. Limited support for the 
HOE model is found among the adult population [Craig et al., 2010] but not among youth [Bauman 
et al., 2008]. For this reason, the analyses in Chapter Four expanded on the TPB, and as such 
included elements from the HOE to examine individual factors for predicting PA and walking. 
 
Furthermore, Chapter Five examined the role of environmental factors in predicting PA and 
walking. As discussed in the overview of literature in Chapter Two, over the past decade there 
have been an increasing number of studies that explore the relationship between environmental 
factors and PA, as perhaps measures previously were focused more on psychological or cognitive 
determinants [Sallis, 2009]. Many of the studies in the literature are based on self-report measures 
about the environment or neighbourhoods in which people live. A review of 18 studies indicated 
that aesthetics, convenience of facilities with respect to walking, including sidewalks, accessibility 
of destinations, and perceptions about traffic were found to be associated with specific reasons for 
walking – for example, walking for exercise, walking for transport, and so on [Owen et al., 2004]. 
Differences in findings in the current literature may also reflect differences in populations, 
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perceptions, considerations with geographical information, and the measures representing the 
construct (i.e., variety of types of walking) being studied [Lovasi et al., 2008].  
 
With the recognition of the role of the physical environment in influencing activity, the use of an 
ecological model in order to explain behaviour [Giles-Corti et al., 2005; Sallis, 2009] has been 
more widely established. An ecological model is one that takes into consideration multiple 
determinants or influences on behaviours, such as those at an individual level (demographic and 
psychological factors), a social level, a community level, a physical environmental level, and a 
policy level [Sallis et al., 2008]. These factors interact with each other and need to be considered 
as such. For example, strategies that are targeted to the community level rely on individual-level 
factors, and conversely, those aimed towards the individual are also influenced by community or 
environmental factors [Satarino & McAuley, 2003; Hall & McAuley, 2010]. Chapter Two provides 
an overview of the current literature regarding the use of a socio-ecological approach towards 
examining PA.  
 
This current study takes a socio-ecological approach as it examines the relative contribution of 
individual, social, and environmental factors to both walking behaviours and to PA more generally 
among adults, and among younger and older men and women. It also builds on models that were 
developed in Chapters Four and Five and provides an examination of these factors over time. The 
findings yielded in this Chapter will help to inform policy and strategies to effectively communicate 
and promote PA among the Canadian population. 
 
6.2 Methods  
6.2.1 Sampling design 
 
The Canadian Fitness and Lifestyle Research Institute (CFLRI) has conducted population-based 
surveys (Physical Activity Monitors or PAM) for the purpose of population surveillance and 
monitoring since 1995. A brief synopsis of the 2007 data source appears below with reference to 
the specific research questions in this Chapter, however, details about the development and 
comprehensiveness of its Physical Activity and Sport Monitoring Program and the PAMs are 
provided in the Methods Chapter (Chapter Three). 
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The 2007 PAM is the primary data set used in the analyses presented in this Chapter. The 2007 
PAM was a nationally representative population sample of 5,129 Canadian adults aged 15 years 
and older. The sample was selected using random-digit dialling from household-based telephone 
exchanges. Interviewers captured data directly during the interviews using a CATI (computer-
assisted telephone interviews) system (see details in Chapter Three for details on this interviewing 
method). The random sample of households was selected roughly proportional to the population in 
each province and territory with a minimum sample size of 250 for each jurisdiction except 
Nunavut (Note: data collection is more challenging in this Territory due to the availability of 
telephones, hunting season, language barriers, and survey burden posed by multiple large scale 
surveys on its very small population).  For each selected household, one individual over the age of 
15 years was selected at random. Only data on respondents aged 18 years and older were 
included in these analyses, thereby providing a random sample of Canadian adults. Survey 
participants were asked about their PA patterns, sport participation, individuals factors related to 
PA, and availability of local PA and sport opportunities in the community. Data were collected from 
February 2007 to March 2008 by the Institute for Social Research (ISR) which is housed at York 
University in Ontario, Canada. 
 
The overall response rate obtained in the 2007 PAM was 41% and details are provided in Chapter 
Three. Table 6.1 describes the sample by province and territory for the 2007 PAM. Sample 
weights were applied to the data and were adjusted using a post-stratification adjustment based 
on the latest Census distributions for age and sex. The sample weights were applied to correct for 
a potential non-response bias to surveys, and if some groups who are over-represented in the 
sample respond differently to under-represented groups.  
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Table 6.1: Sample by region and province, 2007 PAM 
Sample by region and province 
 Adults 18+ 
Canada 5,024 
Atlantic 1,275 
Newfoundland 300 
Prince Edward Island 346 
Nova Scotia 329 
New Brunswick 300 
Quebec 636 
Ontario 1,177 
West 1,301 
Manitoba 307 
Saskatchewan 360 
Alberta 340 
British Columbia 294 
North 635 
Yukon 311 
Northwest Territories 321 
Nunavut 3 
 
 
6.2.2 Measures  
 
The measures and demographic covariates used in this Chapter are described in considerable 
detail in Chapter Three, however, a brief summary of the measures is provided below. 
 
Physical Activity Level and Walking  
In the 2007 PAM, the short telephone administered, last 7-day recall version of the International 
Physical Activity Questionnaire (IPAQ) [Craig et al., 2003] was used to measure PA across all 
domains along with walking behaviour. Questions included days per week and time spent per day 
participating in vigorous activities, moderate activities and walking. The IPAQ series of questions 
used to measure PA and walking are described in Chapter Three. 
 
A second set of measures related to walking (and PA) are used in this Chapter based on an 
adaptation of the Minnesota Leisure-Time Physical Activity questionnaire (MLTPAQ [Taylor et al., 
1978]). The adapted MLTPAQ [Craig et al., 2002] asked participants to recall participation in a 
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relatively comprehensive list of 25 physical activities over the past 12 months, plus the opportunity 
to provide 3 additional activities which may not have been specified in this list. Within the probed 
activities of the adapted MLTPAQ, questions with regard to participation in walking, as well as 
frequency and average duration were asked. The adapted MLTPAQ questionnaire is used in this 
Chapter, as well as the IPAQ walking question that was also used in Chapter Four and Five. 
These MLTPAQ measures are described as recreational walking, and are divided into quartiles. 
Walking for recreation has often been studied as a popular form of physical activity with respect to 
the built environment, however, walking for transport has also been considered in this research 
[Saelens & Handy, 2008]. Frequency and duration of walking to work, school and errands were 
also asked using the PAM measure. The PAM measure for walking for transport was divided into 
quartiles. Moreover, research indicates that aspects of the built environment differ by the type of 
walking [Owen et al., 2004; Saelens & Handy, 2008], although the relationships may not 
necessarily be conclusive between studies [Saelens & Handy, 2008].  
 
Individual factors 
Awareness of guidelines - Awareness was assessed by prompted recall of Canadian PA 
guidelines. This measure was used in Chapter Four. 
 
Knowledge of appropriate guidelines - Knowledge of Canada’s PA guidelines was assessed 
through 3 questions: “What is the least number of days each week that a person your age has to 
be active to get health benefits?”;  “On each of these days, how much time in total do you think a 
person your age has to be active in order to get health benefits?”; “In the situation you've 
described where someone is active on [stated] days a week for a total of [stated] minutes each 
time, how much physical effort do you think they need to put into it in order to get health benefits?” 
(response options:  light, moderate, vigorous, don’t know). This measure was used in Chapter 
Four. 
 
Beliefs about PA - Beliefs about the benefits of PA were assessed through 3 questions, using a 
7-point Likert rating of agreement (response options 1 through 7 were anchored by 1 “do not 
agree at all” and 7 “very strongly agree”) that PA helps prevent heart disease, helps people 
maintain the ability to do everyday tasks in older age, and helps people to manage stress. These 
measures were used in Chapter Four. 
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Perceived behavioural control - An individual’s perceived behaviour control regarding PA was 
asked as how much personal control participants have over whether they are able to fit regular PA 
into their lifestyle. Responses were obtained using a 5-point scale from 1, no control at all to 5 
complete control, and don’t know. 
 
Self-efficacy - An individual’s self-efficacy or confidence to meet the Canadian guidelines for PA 
was assessed using two questions, asking about the degree of confidence that they can regularly 
do a total of sixty minutes of any PA each day or do a total of 30 minutes or more of moderate PA 
per day at least three times a week. Responses were obtained using a 5-point scale from 1 which 
is not confident at all to 5 very confident, and an interviewer assigned category for volunteered 
responses of don’t know. 
 
Intention to be active - Intention to be active was asked by the question “Thinking about the next 
six months, to what extent do you intend to be physically active?”  Responses were rated on a 7-
point scale (from 1 to 7 where, 1 meant “no intention at all” and 7, meant “fully intend to”). This 
measure was used in Chapter Four. 
 
Initial behaviour change steps - Initial behaviour change or trial behaviours were determined 
using a series of questions: “Have you done any of the following over the past 12 months with a 
view to becoming more active (yes/no)?   
 read articles in newspapers, books or magazines about physical  activity;  
 sought advice from friends, family, or co-workers; 
 sought advice from health professional(s); 
 observed a class, or tried some kind of PA; 
 sought information about opportunities in your community, such as trails, and 
 made active choices in your usual work routine, like walking part way to work or taking the 
stairs?”  
These measures were used in Chapter Four. 
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Social factors 
Social norms - were assessed through three questions, asking level of agreement (specifically 
stated as strongly agree, agree, unsure, disagree, strongly disagree, don’t know) with statements 
that: 
 most family members walk for at least 30 minutes on almost every day,  
 most friends walk for at least 30 minutes on almost every day, and 
 most people they know walk for at least 30 minutes on almost every day. 
 
Physical environment factors 
Neighbourhood environment - An adapted subset of questions from the Neighborhood 
Environment Walkability Scale (NEWS) [Cerin et al., 2006] was used to determine perceptions 
about the environment in which they live in order to quantify walkability in a neighbourhood. 
Further details on these measures are described in Chapter Three (Methods). However, in brief, 
residential density was explored by asking the main type of housing in the respondent’s 
neighbourhood and questions from NEWS ‘minimal’ subset were used [Sallis et al., 2009] in order 
to assess level of agreement with the availability of shops and stores nearby the home, the 
proximity to a transit stop, and the availability of sidewalks, bicycling facilities, and free- or low-cost 
recreation facilities in the neighbourhood.  In addition, respondents were also asked to state their 
level of agreement that the crime rate in the neighbourhood makes it unsafe to go on walks at 
night, and that too much traffic on the streets makes it difficult or unpleasant to walk in the 
neighbourhood. This minimal subset was employed in the earlier study presented in Chapter Five. 
 
Socio-demographic factors including sex, age, and educational level are described in detail in 
Chapter Three (Methods). These measures were used in Chapter Four and Five. 
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6.2.3 Research questions 
 
Previous Chapters examined research questions including: 
 individual factors (Chapter Four) independently along with their association with sufficient 
activity and walking, and 
 environmental factors (Chapter Five) independently along with their relationship with 
sufficient activity and walking.  
 
The primary purpose of this Chapter, therefore, was to build on previous Chapters by taking a 
socio-ecological approach for examining individual, social and environmental factors in one model 
along with their relation to sufficient activity and walking. These models are all adjusted for age, 
sex, and educational level of respondents.  
 
More specifically, as per Chapters Four and Five, walking and activity levels in 2007 were 
explored in order to understand the proportion of Canadians that met the criteria for being 
sufficiently active and the proportion of Canadians who walked sufficient amounts in 2007, and 
whether these proportions varied by age, sex, and education. Further, a key purpose was to 
determine what individual, social, and physical factors were related to PA. Similar to Chapter Four, 
this Chapter first examined individual factors related to PA and walking, including: prompted 
awareness of guidelines, knowledge of the amount of PA that is recommended for health benefits; 
what were the perceptions about the health related benefits of PA; what were the perceptions 
about the perceived control over their choice to be active and the level of self-efficacy among 
Canadians; what was the degree of intention to be active; and what attempts Canadians had 
made towards becoming more active. In addition, these findings were explored by age, sex, and 
education level. Moreover, they were reviewed in comparison to findings from Chapter Four (also 
see data from both time periods in Appendix A). In order to thoroughly explore the Theory of 
Planned Behavior, this Chapter also explored the construct of subjective norms, by examining the 
extent to which Canadians feel that family, friends, and neighbours walk on a regular basis and 
whether this varies by socio-demographic and -economic factors. 
 
Similar to Chapter Five, this Chapter then explores the environmental factors related to walking 
and to PA, including Canadians’ perceptions of their level of agreement that there were many 
shops and stores near home, nearby transit stops, availability of sidewalks, bicycling facilities, or 
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free or low-cost recreational facilities nearby. Moreover, an understanding of perceptions of 
whether crime rate or traffic in the neighbourhood was a concern for Canadians was also 
explored. Each of these questions was assessed to determine differences by sex, age, and 
education groups. 
 
Different from the two previous Chapters, this Chapter also explores whether sufficient PA and 
sufficient walking is associated with individual, social, and environmental factors as a whole. As 
such, the Chapter explores whether sufficient PA and sufficient walking are associated with 
individual and social factors (prompted awareness of guidelines, knowledge of sufficient amounts 
of activity, beliefs about the benefits of PA, perceived behavioural control, self-efficacy, intention,  
trial behaviours, and social norms); and whether the proportion of Canadians who were sufficiently 
active or walking sufficient amounts varied according to physical environmental factors (e.g., 
having many shops, stores nearby; being close to transit stops; availability of sidewalks, local 
bicycling facilities, and free and low cost recreation facilities; presence of crime and traffic in the 
neighbourhood). The unique contribution of this Chapter compared to the previous asks which of 
the individual, social, and environmental factors were more strongly associated with predicting 
sufficient walking and sufficient activity. It further expands previous Chapters by investigating 
specific modes of walking such as walking for the purposes of recreation and transportation [Owen 
et al., 2004; Cleland et al., 2010]. Initially, this is examined taking into account age, sex, and 
education, and then explored subsequently by looking independently for younger women and 
men, and older women and men given research that has found differences by age and sex groups 
[McCormack et al., 2009; Foster et al., 2004]. 
 
6.2.4 Data treatment 
 
Physical activity - Using data from the IPAQ short telephone questionnaire, total time spent in 
vigorous activities was calculated by multiplying the number of days respondents reported 
engaging in vigorous-intensity activities over the past 7 days, by the amount of time spent per 
occasion. This value was multiplied by a metabolic equivalent (MET) [Ainsworth et al., 1993] value 
of 8, to provide an estimate of total MET minutes per week spent in vigorous activities. A similar 
calculation was conducted for time spent in moderate activities (using a MET value of 4.0) and 
walking behaviour (using a MET value of 3.3). A total PA energy expenditure score was calculated 
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by summing the PA energy expenditure from the vigorous-intensity, moderate-intensity, and 
walking behaviours. Based on this total PA energy expenditure score: 
 sufficient activity was calculated if (1) any activity was performed daily with a total energy 
expenditure of 3,000 MET minutes or higher, or (2) vigorous activity was performed at least 
3 days a week with a total energy expenditure of 1,500 MET minutes or higher, and 
 a lower score was attributed to any lower amounts of activity and were deemed an 
insufficient amount of activity. 
 
Using these same MET values of 3.3 (walking), 4 (moderate-intensity), and 8 (vigorous-intensity) 
as described above, the total energy expenditure representing the 1998 Canadian guidelines for 
adults aged 18 to 55 would be lower than the IPAQ criterion. The 1998 Canadian guidelines state 
that adults should accumulate at least 60 minutes of any intensity activity every day for health, 30 
minutes of moderate-intensity activity, 4 days a week, or 20 minutes of vigorous-intensity activity, 
4 days a week [Health Canada and Canadian Society for Exercise Physiology, 1998].  
 
Walking – A separate score was calculated for walking based on the number of days and the 
amount of time spent walking in the past 7 days. Based on this data, sufficient walking was 
defined as walking 7 days a week for 60 minutes or more, in keeping with a conservative 
equivalent of the 1998 Canadian PA guidelines [Health Canada and the Canadian Society for 
Exercise Physiology, 1998]. 
 
The adapted MLTPAQ also included a question pertaining to walking. Leisure-time or recreational 
walking was assessed by asking participants to recall participation in a comprehensive list of 25 
physical activities over the past 12 months. Frequency and average duration were asked for each 
of the reported activities. In addition, respondents were asked whether they walked to work, 
school and errands, and also frequency and duration. These measures are used in this Chapter 
as recreational walking and walking for transport. For each of these two variables, time spent on 
each type of walking was multiplied by the occasions. For the logistic regression and cross-
tabulations used this Chapter, the highest quartiles of recreational walking and transport walking 
were used. 
 
Knowledge of appropriate guidelines – Knowledge of the amount of required activity for health 
was based on the three questions:  
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 “What is the least number of days each week that a person your age has to be active to get 
health benefits?”   
 “On each of these days, how much time in total do you think a person your age has to be 
active in order to get health benefits?” 
 “In the situation you've described where someone is active on [stated] days a week for a 
total of [stated] minutes each time, how much physical effort do you think they need to put 
into it in order to get health benefits?” (response options:  light, moderate, vigorous, don’t 
know).  
 
A score for understanding the appropriate guidelines was calculated as understanding the 
guidelines if the respondent stated (1) 7 days of activity per week, for 60 or more minutes per day, 
at any intensity, or (2) a minimum of 4 days of activity per week for 30 or more minutes per day, at 
least moderate intensity (Canadian) [Health Canada and Canadian Society for Exercise 
Physiology, 1998]. This calculation was coded as a dichotomous variable: “has knowledge about 
the amount of PA for guidelines” or not.  
 
Beliefs about the benefits of PA – The three belief questions assessed the extent to which PA 
helped prevent heart disease, helped people maintain the ability to do everyday tasks in older age, 
and helped people to manage stress were considered. In order to identify the single construct of 
beliefs, a Cronbach’s alpha score was calculated measuring the internal consistency between the 
questions and was considered acceptable (0.72). Consequently, the measures were summed into 
a composite score and then divided into quartiles based on the distribution where quartile 1 
represents the lowest score and quartile 4 represents the highest score. 
 
Self-efficacy – Self-efficacy or the confidence in one’s ability to be active was assessed through 
two questions which assessed the respondents’ degree of confidence that they can meet two 
guidelines outlined in Canadian PA guidelines [Health Canada and Canadian Society for Exercise 
Physiology, 1998]. To determine the single construct representing self-efficacy, a Cronbach’s 
alpha score was calculated on the two questions and was considered acceptable (0.78). 
Consequently, the measures were summed into a composite score and then divided into quartiles 
based on the distribution (quartile 1 represents the lowest score and quartile 4 represents the 
highest score). 
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Perceived behavioural control and Intention to be active – Perceived behavioural control 
regarding PA was asked using a 5-point scale from 1, no control at all to 5 complete control, and 
don’t know. Intention to be active was asked using a 7-point scale (from 1, no intention at all to 7, 
meaning fully intend to). Both scales were then categorized into quartiles based on their 
population distribution of responses. 
 
Social norms – Three social norm questions asked about the level of agreement with statements, 
allowing for responses on a scale of strongly agree, agree, unsure, disagree, strongly disagree. In 
order to create a sole construct representing social norms, a Cronbach’s alpha was calculated and 
yielded an acceptable level of 0.73. Consequently, the scores from the three questions were 
combined into one derived score and were then divided into quartiles (quartile 1 represents the 
lowest score and quartile 4 represents the highest score). 
 
Physical environment – Except when examining the main type of housing in the respondent’s 
neighbourhood where all categories were examined separately, each NEWS item was recoded as 
agree (strongly agree/agree) and disagree (strongly disagree/disagree). The category ‘does not 
apply’ was also included with the ‘disagree’ category, when the proportion was less than 3%. 
When above this value, it was included as a separate category. 
 
6.2.5 Statistical Analysis 
 
SPSS version 21.0 was used for all analyses. Complex sampling methods were required for the 
2007 Physical Activity Monitor, in order to take into account stratification by province or territory 
within the country. Accordingly, the Complex sample cross-tabulation procedure was used to 
calculate the prevalence estimates in this Chapter for sufficient PA, sufficient walking and 
individual, social and environmental factors. 
 
The associations between ‘sufficient’ PA participation and ‘sufficient’ walking behaviour with the 
socio-demographic factors of sex, age, and education were examined, as well as the relationships 
between the individual, social, and environmental factors with the socio-demographic factors. In 
addition, the differences in the prevalence of ‘sufficient’ PA and walking by individual, social, and 
environmental factors were explored. Differences in prevalence rates were estimated by weighting 
responses to the population and tested using 95% confidence intervals surrounding the estimates.  
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The relationship between individual, social, environmental variables, and socio-demographic 
factors in predicting sufficient activity and walking levels were examined in this Chapter. To 
investigate factors associated with PA, statistical models were developed. Models in the previous 
two chapters explored associations between key independent measures and dichotomous 
dependent measures of (1) ‘sufficient’ PA participation and (2) ‘sufficient’ walking behaviour 
(achieving sufficient activity or walking or not). The models are enhanced in this Chapter by 
investigating four dependent measures, namely, the dichotomous variables of (1) ‘sufficient’ PA 
participation (achieving sufficient activity or not), (2) ‘sufficient’ all-domain walking behaviour 
(achieving sufficient all domain walking or not using IPAQ), (3) highest quartile of recreational 
walking (using the adapted MLTPAQ), and (4) highest quartile of walking for the purpose of 
transportation (using the PAM commute questions). To predict these dichotomous dependent 
measures, the complex sample logistic regression procedure was used to take into account the 
sample design.  
The potential confounding variables of age, sex, and education were included as covariates in the 
first set of models. Initially, the individual and social factors were assessed as an independent 
model predicting the four dependent activity variables and were broken into three models 
representing immediate and intermediate factors of activity, along with the amount of variation 
explained within each of these three model components. Next, the environment factors were 
assessed in an independent model predicting the four dependent variables. A full model was 
selected to determine the relative magnitude of the odds of each of the variables of interest within 
an ecological framework. As an exploratory analysis, each of the individual, social, and 
environmental factors were incorporated into a full model, with age, sex, and education as 
covariates. The steps in building the model are illustrated in Figure 6.1. Additional details on the 
procedure are provided in Chapter Three.  
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Figure 6.1 Steps in building the full model with individual, social, environmental factors 
predicting sufficient PA, all-domain walking, highest quartiles of recreational and transport 
walking 
 
Given the body of literature that shows differences in an ecological approach when looking 
independently for younger women and men, and older women and men, the full model was then 
stratified and run by 4 age and sex groups (women, less than 45 years old; men, less than 45 
years old; women, 45 years and older; men, 45 years and older) [McCormack et al., 2009; Foster 
et al., 2004]. The age category of 45 years was used as the cut-point as a considerable number of 
relationships were found in Chapter Four and Five between adults older than 45 years and 
younger than 45 years. This is illustrated in Figure 6.2.   
Model 1: Precursors of intention predicting 
PA 
•awareness, knowledge, beliefs about the benefits 
Model 2: Precursors of intention (expanded) 
predicting PA 
•awareness, knowledge, beliefs about the benefits 
•self efficacy, perceived behavioural control 
•social norms 
Model 3: Individual and social factors predicting PA 
•awareness, knowledge, beliefs about the benefits 
•self efficacy, perceived behavioural control 
•social norms 
•intention, trial behaviours 
Model 4:  Individual, social and environmental 
factors predicting PA 
•awareness, knowledge, beliefs about the benefits 
•self efficacy, percieved behavioural control 
•social norms 
•intention, trial behaviours 
•NEWS items 
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Figure 6.2 Full model with individual, social, environmental factors predicting sufficient PA, 
all-domain walking, highest quartiles of recreational, and transport walking, stratified by 
age and sex groups 
 
 
6.3 Results 
 
6.3.1 Physical activity and walking  
 
This section describes the PA levels of Canadians, including participation in vigorous and 
moderate intensity activity, as well as walking behaviour. More than half (56.6%) of adults 18 
years and older reported adequate amounts of total daily PA to be considered sufficiently active 
(for this purpose, sufficient activity represents a total PA energy expenditure of 3,000 MET 
minutes/week or higher, or vigorous activity at least 3 days a week with a total energy expenditure 
of 1,500 MET minutes/week or higher). Fewer adults (31.0%) indicated that they walked sufficient 
amounts (here defined as walking 7 days a week for 60 minutes or more). The association 
Women, <45 years Men, < 45 years 
Women, ≥45 years Men, ≥45 years 
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between sufficient walking and activity with socio-demographic factors was explored in order to 
determine which population groups are most and least active.  
 
Prior to examining PA and walking in detail, the characteristics of these population groups are 
described below and summarized in Table 6.2 (details on the demographic variables are provided 
in Chapter Three). More women (56.1%) than men (43.9%) responded to the survey. For this 
analysis, sample weights, with an applied post-stratification adjustment which reflected the latest 
Census distributions for age and sex, were used. When the sample weights were applied, 51.2% 
of the sample were female compared to 48.8% male. The unadjusted mean age of the sample in 
the 2007 PAM was 47.0 years, however, when the sample weight was applied, the mean age 
decreased to 44.9 years. Table 6.2 describes the un-weighted and weighted distributions by age, 
sex, and education within this study. 
 
Table 6.2: Distribution of age, sex, and education, 2007 PAM 
 N Un-weighted % Weighted % Lower CI (95%) Upper CI (95%) 
Sex 
Male 2,204 43.9% 48.8% 46.8% 50.7% 
Female 2,820 56.1% 51.2% 49.3% 53.2% 
Age 
18 to 24 384 7.7% 13.9% 12.2% 15.8% 
25 to 44 1,849 36.9% 35.0% 33.2% 36.9% 
45 to 64 2,038 40.7% 33.8% 32.1% 35.6% 
65 or older 739 14.8% 17.3% 15.9% 18.8% 
Education 
< Secondary 666 13.4% 13.2% 11.9% 14.6% 
Secondary 1,211 24.4% 26.3% 24.6% 28.2% 
College 1,314 26.4% 25.9% 24.2% 27.6% 
University 1,778 35.8% 34.6% 32.8% 36.4% 
 
Using these socio-demographic factors, certain population groups which were most and least 
active were explored. More men than women were sufficiently active. In addition, activity levels 
declined with increasing age. Education level was not significantly associated with meeting the 
sufficient activity criteria within the 2007 data set. These relationships are summarized in Table 
6.3.  
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Table 6.3: Proportion sufficiently active by  age, sex, and education, 2007 PAM 
 
N 
% achieving sufficient 
amounts of total PA Lower CI (95%) Upper CI (95%) 
Sex 
Total 2,798 56.6% 54.7% 58.5% 
Male 1,373 62.0% 59.2% 64.8% 
Female 1,425 51.4% 48.8% 54.0% 
Age 
18 to 24 271 72.1% 65.3% 78.0% 
25 to 44 1,127 60.0% 56.9% 63.0% 
45 to 64 1,088 53.4% 50.5% 56.3% 
65 or older 305 43.8% 39.1% 48.5% 
Education 
< Secondary 304 49.5% 44.0% 55.1% 
Secondary 701 58.8% 54.9% 62.7% 
College 774 57.8% 54.1% 61.5% 
University 996 57.2% 54.0% 60.4% 
 
As mentioned previously, 31.0% of adults reported enough walking to meet the sufficient walking 
criteria of 60 minutes daily. There were no significant gender differences in the proportions that 
walk sufficient amounts in the 2007 data set. Walking sufficient amounts generally decreased with 
increasing age. Fewer adults with less than secondary school education and those with a 
university education walked sufficient amounts compared to those with a secondary or college 
education. These relationships are summarized in Table 6.4.  
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Table 6.4: Proportion that walk sufficient amounts by  age, sex, and education, 2007 PAM 
 
N 
% walking sufficient 
amount Lower CI (95%) Upper CI (95%) 
Sex 
Total 1,490 31.0% 29.1% 32.8% 
Male 688 32.0% 29.3% 34.8% 
Female 802 30.0% 27.6% 32.4% 
Age 
18 to 24 148 40.0% 33.2% 47.3% 
25 to 44 617 34.5% 31.5% 37.5% 
45 to 64 577 29.2% 26.6% 31.9% 
65 or older 144 20.0% 16.5% 23.9% 
Education 
< Secondary 168 24.5% 20.2% 29.4% 
Secondary 397 35.9% 31.9% 40.0% 
College 440 35.8% 32.2% 39.5% 
University 476 26.4% 23.7% 29.4% 
 
6.3.2 Individual factors 
 
Some theoretical models, such as a socio-ecological approach are multi-faceted in that they take 
into account individual factors as well as the physical and social environment when examining 
changes in behaviour. To this end, a series of research questions in this Chapter determined 
whether individual factors (including prompted awareness of guidelines, knowledge of the amount 
of PA that is recommended for health benefits, perceptions about the health related benefits of 
PA, intention to be active and initial trial behaviours towards becoming more active) vary by 
population groups. 
 
Awareness of guidelines – Awareness of PA guidelines was determined using recall. Just over 
one quarter (27.3%) of adults had indicated that they had heard of Canadian PA guidelines when 
prompted. There were no significant differences with sex and education. Prompted awareness is 
more prevalent among those who are older (65 years and older) compared to younger adults (18 
to 24 years).  
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Table 6.5: Awareness of guidelines by age, sex, and education, 2007 PAM  
  
  
  
  
N 
Prompted awareness of PA guidelines  
%, 95% CI 
  
Sex 
  
Total 1,466 27.3% 25.6-29.1% 
Male 630 26.8% 24.4-29.4% 
Female 836 27.8% 25.6-30.2% 
Age 
  
  
  
18 to 24 100 22.0% 16.7-28.4% 
25 to 44 542 27.5% 24.8-30.3% 
45 to 64 576 25.9% 23.4-28.4% 
65 or older 243 34.5% 30.2-39.2% 
Education 
  
  
  
< Secondary 194 28.5% 23.9-33.7% 
Secondary 316 25.2% 21.8-28.9% 
College 368 24.7% 21.7-28.0% 
University 570 30.4% 27.6-33.5% 
 
Knowledge of appropriate guidelines Based on the three questions which assessed 
participants knowledge of the Canadian PA guidelines (see description earlier in this Chapter), a 
score for understanding the guidelines was derived if the respondent cited an appropriate 
combination to yield 1) 7 days of activity per week, for 60 or more minutes per day, at any 
intensity, or 2) a minimum of 4 days of activity per week for 30 or more minutes per day, at least 
moderate intensity. Based on this criterion, 56.9% of Canadians were able to cite a combination 
that met Canadian guidelines. There were no significant variations in the proportion that were 
aware of the minimum amount of PA needed to meet the PA guidelines by age, sex, and 
education (see Table 6.6).  
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Table 6.6:  Knowledge of minimum amount of PA to meet guidelines by age, sex, and education, 
2007 PAM 
  
  
  
  
Reported minimum amount of PA meets guide criteria 
N 
Aware of minimum 
amount of 
required PA for 
guidelines 95% CI 
Not aware of 
the minimum 
amount of 
PA required  95% CI 
  
Sex 
  
Total 4,952 56.9% 54.9-58.8% 43.1% 41.2-45.1% 
Male 2,169 55.3% 52.3-58.2% 44.7% 41.8-47.7% 
Female 2,783 58.4% 55.8-60.9% 41.6% 39.1-44.2% 
Age 
  
  
  
18 to 24 381 61.2% 54.0-67.9% 38.8% 32.1-46.0% 
25 to 44 1,842 54.4% 51.3-57.5% 45.6% 42.5-48.7% 
45 to 64 2012 58.0% 55.1-60.9% 42.0% 39.1-44.9% 
65 or older 704 56.1% 51.2-60.8% 43.9% 39.2-48.8% 
Education 
  
  
  
< Secondary 644 56.6% 51.0-62.1% 43.4% 37.9-49.0% 
Secondary 1,192 58.7% 54.7-62.7% 41.3% 37.3-45.3% 
College 1,303 56.5% 52.7-60.2% 43.5% 39.8-47.3% 
University 1,762 55.3% 52.0-58.5% 44.7% 41.5-48.0% 
 
Beliefs about the benefits of PA - Beliefs about the benefits of PA were assessed through three 
questions (for preventing heart disease, managing stress, and helping to maintain functional ability 
with age). The distributions of each of the three questions are described in Table 6.7. Overall, the 
majority of Canadians agreed very strongly with each of these three beliefs about the benefits of 
PA.  
 
Table 6.7: Beliefs about the benefits of PA, overall distribution, 2007 PAM 
 Regular PA helps to 
Prevent heart 
disease 
Manage stress Maintain the ability to do 
everyday tasks in older 
age 
N Estimate N Estimate N Estimate 
Do not agree (anchor) 35 1.0% 37 1.0% 30 .6% 
2 8 .1% 11 .3% 21 .4% 
3 32 .6% 49 1.3% 37 .7% 
4 89 1.8% 109 2.1% 120 2.7% 
5 385 7.8% 508 10.6% 522 11.1% 
6 621 12.0% 765 15.3% 907 17.3% 
Agree very strongly 
(anchor) 
3835 76.7% 3528 69.4% 3355 67.2% 
Total 5005 100.0% 5007 100.0% 4992 100.0% 
 
The internal consistency of the measures was assessed, and given an acceptable reliability of 
0.72, the indicators were combined into one score and then further divided into quartiles. Given 
Chapter Six – An ecological approach to factors associated with total activity and walking 
 
Page 145 
 
the skew of the data towards high belief scores, the third and fourth quartiles were combined. 
Using the categorical derived score, more women than men held high belief scores (quartile 3 and 
4) whereas more men than women held a low belief score (quartile 1). Young adults (age 18 to 
24) were least likely to hold high beliefs (quartile 3 and 4) about the benefits of PA. A high belief 
score (quartile 3 and 4) was associated with higher levels of education whilst a low score (quartile 
1) was more prevalent among those with lower levels of education (see Table 6.8). 
 
Table 6.8: Beliefs about the benefits of PA by age, sex, and education, 2007 PAM 
 
N 
Quartile 1  
(lowest  score) 
%,  95% CI 
Quartile 2,  
%, 95% CI 
Quartile 3 and 4 
 (highest score) 
%,  95% CI 
Sex 
Total 4,974 36.1%, 34.2-38.0 11.4%, 10.2-12.7 52.5%, 50.6-54.5 
Male 2,172 41.5%, 38.6-44.5 11.6%, 9.8-13.7 46.9%, 43.9-49.8 
Female 2,802 31.0%, 28.5-33.5 11.2%, 9.7-12.9 57.8%, 55.2-60.4 
Age 
18 to 24 381 47.5%, 40.3-54.8 14.1%, 9.8-19.9 38.4%, 31.6-45.7 
25 to 44 1,835 33.6%, 30.8-36.7 12.3%, 10.4-14.5 54.0%, 50.9-57.1 
45 to 64 2,025 32.8%, 30.1-35.7 10.3%, 8.6-12.3 56.8%, 53.9-59.7 
65 or older 720 38.4%, 33.9-43.1 9.5%, 7.2-12.5 52.1%, 47.3-56.8 
Education 
< Secondary 655 50.3%, 44.8-55.9 11.4%, 8.1-15.8 38.3%, 33.2-43.6 
Secondary 1,201 40.5%, 36.5-44.6 10.3%, 8.0-13.1 49.2%, 45.2-53.3 
College 1,301 32.7%, 29.3-36.4 11.2%, 9.2-13.6 56.0%, 52.3-59.7 
University 1,765 29.5%, 26.6-32.6 12.7%, 10.7-15.1 57.8%, 54.5-61.0 
 
 
Self-efficacy  – Canadians generally held high levels of self-efficacy or confidence that they can 
perform levels of PA similar to that of Canadian guidelines, as shown in Table 6.9, as roughly 50% 
were ‘very confident’. Based on acceptably reliability and the skew of the distribution of these 
variables, the two variables were combined into one score and then categorized into quartiles.  
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Table 6.9: Self-efficacy for regular PA, 2007 PAM 
 Level of confidence that respondent can 
regularly do at least 30 min of moderate 
PA at least 3 or 4 times a week 
Level of confidence that respondent 
can regularly do 60 min of light PA 
each day 
N % N % 
1 (Not at all confident) 216 4.6% 308 6.5% 
2  575 12.2% 798 16.8% 
3  742 15.9% 711 14.1% 
4  729 14.3% 676 12.9% 
5 (Very confident) 2,715 53.0% 2,479 49.6% 
Total 4,977 100.0% 4,972 100.0% 
 
 
More men than women indicated the highest level of self-efficacy (quartile 4). A greater proportion 
of young adults (18 to 24 years) reported the highest level of self-efficacy, whereas relatively more 
older adults (65 years and older) indicated the lowest level (quartile 1). Relatively more adults with 
less than secondary school education reported the lowest quartile of self-efficacy compared to 
those with a post-secondary education (see Table 6.10).  
 
Table 6.10: Self-efficacy by age, sex, and education, 2007 PAM 
  
N 
Quartile 1 
(lowest  score), 
%, 95% CI 
Quartile 2,  
%, 95% CI 
Quartile 3,  
%, 95% CI 
Quartile 4 
 (highest score),  
%, 95% CI 
Sex 
Total 4,942 19.7%, 18.2-21.3 31.0%, 29.2-32.8 9.3%, 8.2-10.5 40.1%, 38.2-42.0 
Male 2,169 17.9%, 15.8-20.2  29.9%, 27.3-32.6  8.6%, 7.1-10.4  43.7%, 40.7-46.6  
Female 2,773 21.4%, 19.3-23.6 32.0%, 29.7-34.5 9.9%, 8.3-11.8 36.7%, 34.2-39.2 
Age 
18 to 24 381 12.2%, 8.3-17.7 24.9%, 19.3-31.5 11.7%, 7.5-18.0 51.1%, 43.9-58.3 
25 to 44 1,833 19.2%, 16.8-21.9 30.7%, 27.9-33.6 9.7%, 8.1-11.6 40.4%, 37.4-43.5 
45 to 64 2,009 20.2%, 17.9-22.7 32.7%, 30.0-35.6 8.2%, 6.7-9.9 38.9%, 36.1-41.8 
65 or older 706 25.9%, 21.9-30.3 33.0%, 28.6-37.7 8.7%, 6.4-11.8 32.4%, 28.0-37.1 
Education 
< Secondary 636 26.1%, 21.5-31.2 33.3%, 28.2-38.8 7.1%, 4.1-11.8 33.6%, 28.3-39.3 
Secondary 1,199 21.4%, 18.4-24.8 28.4%, 24.9-32.1 9.3%, 7.0-12.3 40.9%, 36.9-45.0 
College 1,292 17.2%, 14.5-20.3 30.3%, 26.9-33.9 10.2%, 8.3-12.6 42.2%, 38.6-46.0 
University 1,763 17.7%, 15.4-20.3 32.3%, 29.4-35.4 9.5%, 7.8-11.5 40.5%, 37.3-43.7 
 
Perceived Behavioural Control – Canadians generally stated that they had considerable (“a lot”) 
or complete control over their ability to be active, as shown in Table 6.11, as two out of five 
Canadians indicated ‘complete’ control and a further 26.1% said that they have ‘a lot’ of control. 
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Table 6.11: Perceived behavioural control, 2007 PAM 
 N % 
1 (No control) 96 1.9% 
2 (A bit) 304 5.7% 
3 (A moderate amount) 1,295 26.5% 
4 (A lot) 1,246 26.1% 
5 (Complete control) 2,055 39.9% 
 
Perceived behavioural control (PBC) was categorized into quartiles based on the distribution of 
the score. Although a high degree of PBC (quartile 4) was not associated with either sex or 
education, it increased significantly with increasing age (See Table 6.12). Furthermore, the 
proportion that cited a moderate amount of PBC (quartile 3) decreased with increasing age. In 
addition, the proportion citing a moderate amount of PBC (quartile 3) increased with increasing 
education. More women than men cited the lowest levels of PBC (quartile 1).  
 
Table 6.12: Perceived behavioural control by age, sex, and education, 2007 PAM 
  
N 
Quartile 1 
(lowest  score), 
%,95% CI 
Quartile 2,  
%, 95% CI 
Quartile 3,  
%, 95% CI 
Quartile 4  
(highest score),  
%, 95% CI 
Sex 
Total 4,996 7.6%, 6.7-8.6 26.4%, 24.7-28.2 26.1%, 24.3-27.9 39.9%, 38.0-41.9 
Male 2,193 6.1%, 4.9-7.4 25.5%, 23.0-28.2 27.7%, 25.0-30.5 40.8%, 37.9-43.7 
Female 2,803 9.1%, 7.7-10.6 27.3%, 25.0-29.7 24.6%, 22.4-26.9 39.1%, 36.6-41.7 
Age 
18 to 24 382 - 28.7%, 22.5-35.8 36.5%, 29.8-43.8 29.9%, 23.7-37.0 
25 to 44 1,845 8.2%, 6.8-10.0 29.1%, 26.3-31.9 29.2%, 26.4-32.2 33.5%, 30.6-36.5 
45 to 64 2,031 7.6%, 6.2-9.3 25.4%, 22.9-28.1 23.6%, 21.2-26.2 43.4%, 40.5-46.3 
65 or older 725 8.5%, 6.3-11.3 20.9%, 17.3-25.0 16.4%, 13.2-20.2 54.2%, 49.4-58.9 
Education 
< Secondary 653 14.3%, 10.8-18.6 32.3%, 27.3-37.7 17.7%, 13.4-22.9 35.8%, 30.7-41.3 
Secondary 1,204 8.4%, 6.6-10.6 26.0%, 22.6-29.7 23.8%, 20.4-27.5 41.8%, 37.8-45.9 
College 1,309 7.0%, 5.5-9.0 26.6%, 23.3-30.2 27.7%, 24.3-31.3 38.7%, 35.2-42.3 
University 1,776 4.9%, 3.8-6.3 24.1%, 21.4-27.0 30.1%, 27.2-33.1 41.0%, 37.8-44.2 
- Data suppressed due to insufficient cell size. 
 
Intention to be active –Canadians were generally positive about their intentions to be active in 
the near future, as shown in Table 6.13. Very few adults (12%) had a low degree of intention to be 
active (4 or less on a 7 point scale). 
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Table 6.13: Intention to be active, overall distribution, 2007 PAM 
 N % 
1 (No intention at all) 61 1.2% 
2  48 0.9% 
3 132 2.9% 
4 340 7.1% 
5 931 18.7% 
6 895 18.4% 
7 (Fully intend to be active) 2,574 50.8% 
 
The intention variable was categorized into quartiles (due to the skew of the data quartile 3 and 4 
are combined). When examining the categorized intention variable by socio-demographic factors, 
there were no significant differences by sex or age. A greater proportion of adults with the lowest 
level of education reported the lowest quartile of intention compared to those with a post-
secondary education (see Table 6.14).  
 
Table 6.14: Intention to be active by age, sex, and education, 2007 PAM 
 
N 
Quartile 1 
 (lowest score)  
%, 95% CI 
Quartile 2  
%, 95% CI 
Quartile 3 and 4 
 (highest score) 
%, 95% CI 
Sex 
Total 4,981 30.7%, 29.0-32.6 18.4%, 16.9-20.0 50.8%, 48.9-52.8 
Male 2,182 31.4%, 28.7-34.1 17.7%, 15.5-20.1 51.0%, 48.0-53.9 
Female 2,799 30.2%, 27.8-32.6  19.1%, 17.1-21.3 50.7%, 48.1-53.3 
Age 
18 to 24 384 26.1%, 20.4-32.8 25.1%, 19.6-31.7 48.8%, 41.6-56.0 
25 to 44 1,847 29.5%, 26.7-32.4 18.4%, 16.1-21.0 52.1%, 49.0-55.2 
45 to 64 2,020 32.3%, 29.6-35.1 17.0%, 14.9-19.4 50.7%, 47.8-53.6 
65 or older 718 34.4%, 30.1-39.0 15.8%, 12.4-19.8 49.8%, 45.1-54.6 
Education 
< Secondary 649 39.4%, 34.2-44.9 14.8%, 11.1-19.4 45.8%, 40.1-51.5 
Secondary 1,203 34.4%, 30.7-38.3 17.6%, 14.7-20.9 48.0%, 44.0-52.1 
College 1,304 29.0%, 25.7-32.6 19.7%, 16.8-22.9 51.3%, 47.5-55.0 
University 1,771 26.1%, 23.3-29.0 19.4%, 17.0-22.2 54.5%, 51.2-57.7 
 
Steps towards initial behavioural change– Canadians initiated several actions or behaviours 
with a view to becoming more active, including seeking information on PA through reading articles 
(60.8%), or seeking information from acquaintances (44.7%) or health professionals (29.4%), or 
information on activity opportunities in the community (37.0%). In addition, Canadians also 
performed more active behaviours including trying or observing a class (53.2%) or making 
changes in their usual routine (72.5%).  
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When examining these factors by socio-demographic indicators (see Table 6.15a and Table 
6.15b), more women than men had attempted to become more active, with the exception of 
seeking information on opportunities in their community (where there were no sex-related 
differences). Generally speaking, the proportion of adults that sought advice about PA from friends 
or family members, observed or tried a PA class, or made active choices in their work routine 
decreased with increasing age. Fewer older adults sought information on community opportunities 
compared to adults aged 25 to 64 years. There was also a relationship between education of the 
respondent and their attempts to become more active. A greater proportion of adults with a 
university education made active choices at work, observed or tried a PA class, sought information 
on opportunities in their community, or read articles on PA compared to those with secondary or 
less education. A greater proportion of adults with a post-secondary education sought advice from 
friends and family compared to those with less than a secondary school education. 
 
Table 6.15a: Initial behaviour change by age, sex, and education, 2007 PAM 
 Read articles  
(n=3,147) 
%, 95% CI 
Sought advice friends, 
family (n=2,312) 
%, 95% CI 
Sought advice from health 
professionals (n=1,486) 
%, 95% CI 
Sex 
Total 60.8% 58.9-62.7 44.7% 42.8-46.7 29.4% 27.6-31.2 
Male 52.6% 49.6-55.5 38.8% 35.9-41.7 25.4% 22.9-28.1 
Female 68.7% 66.2-71.0 50.4% 47.8-53.0 33.1% 30.7-35.6 
Age 
18 to 24 55.8% 48.5-62.8 58.3% 51.0-65.3 28.1% 21.8-35.3 
25 to 44 60.3% 57.2-63.3 53.1% 50.0-56.2 26.4% 23.8-29.3 
45 to 64 60.7% 57.8-63.5 39.8% 37.0-42.6 31.2% 28.6-33.9 
65 or older 66.2% 61.6-70.5 26.0% 21.9-30.5 33.0% 28.7-37.6 
Education 
< Secondary 48.5% 42.9-54.1 29.7% 24.9-35.0 28.4% 23.8-33.5 
Secondary 56.0% 51.9-60.0 44.8% 40.7-48.9 30.6% 26.9-34.6 
College 62.4% 58.6-66.0 50.4% 46.7-54.2 28.8% 25.5-32.3 
University 67.7% 64.6-70.7 46.4% 43.2-49.6 29.2% 26.3-32.2 
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 Table 6.15b: Initial behaviour change by age, sex, and education, 2007 PAM 
 Observe or tried class 
 (n=2,589) 
%, 95% CI 
Info on community 
opportunities (n=1,889) 
%, 95% CI 
Made active choices  
(n=3,464) 
%, 95% CI 
Sex 
Total 53.2% 51.3-55.2 37.0% 35.1-39.0 72.5% 70.7-74.3 
Male 47.2% 44.3-50.2 34.7% 31.9-37.7 67.8% 65.0-70.6 
Female 58.9% 56.3-61.5 39.2% 36.7-41.8 77.0% 74.7-79.1 
Age 
18 to 24 67.6% 60.5-74.0 35.9% 29.2-43.1 81.1% 74.7-86.1 
25 to 44 56.6% 53.5-59.7 41.8% 38.7-44.9 71.5% 68.5-74.3 
45 to 64 50.3% 47.4-53.3 37.1% 34.3-40.0 73.8% 71.1-76.4 
65 or older 39.7% 35.1-44.6 27.5% 23.3-32.2 63.7% 58.6-68.5 
Education 
< Secondary 39.5% 34.0-45.4 25.5% 20.7-31.0 64.3% 58.4-69.7 
Secondary 50.2% 46.1-54.3 34.1% 30.2-38.2 68.7% 64.7-72.4 
College 55.2% 51.4-58.9 37.2% 33.6-40.8 74.3% 71.0-77.4 
University 59.1% 55.9-62.3 43.6% 40.4-46.9 77.0% 74.1-79.6 
 
6.3.3 Factors related to the social environment  
 
For the purpose of this thesis, the social environment related PA and walking behaviours is 
measured through social norms, which examined respondents’ perceptions about their social 
network and their walking behaviour. As per Tables 6.16, 6.17, 6.18 participants were asked 
whether most of their family members, friends, or most people that they know walk on a regular 
basis (for at least 30 minutes almost every day). As such, this Chapter determined whether 
perceptions about the availability of a supportive social environment varies by socio-demographic 
groups (that is, by sex, age, and education).  
 
Table 6.16: Social norms (most of family members walk at least 30 minutes almost daily), 2007 PAM 
 N % 
Strongly agree 936 20.7% 
Agree 1,836 37.6% 
Unsure 578 11.2% 
Disagree 1,148 24.0% 
Strongly disagree 344 6.5% 
Total 4,842 100.0% 
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Table 6.17: Social norms (most friends walk at least 30 minutes almost daily), 2007 PAM 
 N % 
Strongly agree 524 12.6% 
Agree 1,524 31.4% 
Unsure 1,280 26.6% 
Disagree 1,243 23.4% 
Strongly disagree 290 6.1% 
Total 4,861 100.0% 
 
Table 6.18: Social norms (most people known walk at least 30 minutes daily), 2007 PAM 
 N % 
Strongly agree 436 9.6% 
Agree 1,534 32.1% 
Unsure 1,159 24.8% 
Disagree 1,467 28.4% 
Strongly disagree 269 5.2% 
Total 4,865 100.0% 
 
Based on the scores from these three questions, the responses were combined into one derived 
score and then divided into quartiles (quartile 1 represents the lowest score and quartile 4 
represents the highest score). Although no gender differences exist, a greater proportion of young 
adults (18 to 24 years) and those with less than a secondary level of education fell within the 
highest quartile for social norms score compared to those between 25 and 64 years, and those 
with a university education respectively (see Table 6.19).  
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Table 6.19: Social norms by age, sex, and education, 2007 PAM 
 
 
6.3.4 Factors related to the physical environment  
 
One aspect of the socio-ecological model involves the association of the physical environment to 
PA and walking behaviours. As such, a key research question in this Chapter determined whether 
perceptions about the availability of a supportive physical environment vary by socio-demographic 
groups (by sex, age, and education).  
 
Neighbourhood environment walkability – A subset of questions from the Neighborhood 
Environment Walkability Scale (NEWS) was used in this research to determine perceptions about 
the availability of a supportive physical environment for walking in the neighbourhood. Details 
about the questions used are summarized in the Methods section above and in more detail within 
Chapter Three (Methods). 
 
To assess residential density (see Table 6.20), respondents were asked about the primary type of 
dwelling in the neighbourhood. Most respondents reported that they live in neighbourhoods of 
primarily single-family, detached homes, followed by those who indicated a mixture of single family 
dwellings, town or row houses, and apartments or condominiums, a mix of town or row houses 
  
N 
Quartile  1, 
(lowest score) 
%, 95% CI 
Quartile 2 
 
%, 95% CI 
Quartile 3 
 
%, 95% CI 
Quartile 4, 
(highest score) 
%,95% CI 
Sex 
Total 4,722 21.5%, 19.9-23.1 21.0%, 19.4-22.6 27.9%, 26.1-29.8 29.6%, 27.7-31.5 
Male 2,073 23.0%, 20.6-25.6 22.0%, 19.7-24.5 26.4%, 23.7-29.2 28.7%, 25.9-31.6 
Female 2,649 20.1%, 18.1-22.2 20.0%, 18.0-22.2 29.4%, 27.0-32.0 30.5%, 28.0-33.1 
Age 
18 to 24 378 15.1%, 10.6-21.1 14.2%, 10.3-19.2 31.2%, 24.6-38.6 39.5%, 32.6-46.9 
25 to 44 1,796 22.2%, 19.7-24.9 21.7%, 19.2-24.5 27.5%, 24.7-30.4 28.6%, 25.9-31.6 
45 to 64 1,913 25.5%, 22.9-28.2 22.4%, 20.1-25.0 25.6%, 23.1-28.3 26.5%, 23.9-29.3 
65 or older 621 17.3%, 14.0-21.3 22.6%, 18.6-27.1 30.7%, 26.1-35.6 29.4%, 24.8-34.5 
Education 
< Secondary 603 15.5%, 11.8-20.2 19.0%, 15.1-23.6 30.6%, 25.3-36.5 34.9%, 29.4-40.9 
Secondary 1,136 19.5%, 16.5-23.0 20.9%, 18.0-24.3 25.1%, 21.6-29.0 34.4%, 30.4-38.7 
College 1,248 21.8%, 19.0-25.0 20.5%, 17.6-23.8 28.5%, 25.1-32.2 29.1%, 25.7-32.7 
University 1,688 24.9%, 22.1-27.8 21.9%, 19.3-24.7 28.9%, 25.9-32.0 24.4%, 21.6-27.4 
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and low rise apartments, followed by those who indicated mid-rise or high-rise apartments as the 
primary dwelling in the neighbourhood.  
 
Table 6.20: Main type of dwelling in the neighbourhood, overall, 2007 PAM 
 
Estimate 
95% Confidence Interval 
N Lower Upper 
Detached single-family residences 69.8% 68.0% 71.6% 3,450 
Townhouses, row houses, apartments, or condos of 
2-3 storeys 
8.1% 7.0% 9.4% 383 
Mix of single-family residences and townhouses, 
row houses, apartments or condos 
14.8% 13.5% 16.1% 850 
Apartments or condos of 4-12 stories 2.5% 2.0% 3.2% 119 
Apartments or condos of more than 12 stories 1.1% .8% 1.6% 47 
Don't know 3.6% 2.8% 4.5% 165 
Total 100.0% 100.0% 100.0% 5,014 
 
 
The type of residential dwelling did not differ by gender or education level; however, similar to 
findings in Chapter Five, the type of residential dwelling did vary with age (see Table 6.21). 
Compared to those in other age groups, living in townhouses, row houses or low rise apartment 
buildings was most prevalent among young adults, whereas living in single detached housing was 
most prevalent among those aged 45 to 64 years. 
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Table 6.21: Main type of dwelling by age, sex, and education, 2007 PAM 
 Detached single-
family housing 
(n=3,450) 
Townhouses, row 
houses, apts or 
condos of 2-3 
stories (n=383) 
Mix of single-
family, town or row 
houses, apts or 
condos (n=850) 
Mid-rise or high-
rise apartment 
(n=166) 
Sex 
Total 72.5%, 70.7-74.2 8.4%, 7.3-9.7 15.3%, 14.0-16.7 3.8%, 3.1-4.6 
Male 73.7%, 70.9-76.2 9.1%, 7.3-11.2 13.9%, 12.0-16.0 3.4%, 2.6-4.4 
Female 71.3%, 68.9-73.6 7.8%, 6.5-9.4 16.7%, 14.9-18.6 4.2%, 3.2-5.4 
Age 
18 to 24 63.0%, 55.7-69.8 16.4, 11.3-23.3 16.0%, 11.7-21.4 4.6%, 2.6-8.2 
25 to 44 70.7%, 67.8-73.4 8.5%, 6.9-10.3 17.2%, 15.0-19.6 3.6%, 2.6-5.0 
45 to 64 79.2%, 76.7-81.4 5.7%, 4.5-7.3 13.5%, 11.7-15.5 1.6%, 1.1-2.5 
65 or older 70.4%, 65.9-74.6 7.4%, 5.3-10.3 14.5%, 11.4-18.1 7.7%, 5.6-10.5 
Education 
< Secondary 70.2%, 64.4-75.4 13.0%, 9.0-18.5 10.7%, 7.9-14.3 6.1%, 3.9-9.7 
Secondary 71.0%, 67.2-74.6 8.1%, 6.0-10.8 16.5%, 13.7-19.7 4.4%, 3.0-6.3 
College 73.0%, 69.5-76.2 7.9%, 5.9-10.4 16.3%, 13.8-19.2 2.8%, 1.8-4.2 
University 74.1%, 71.2-76.8 7.3%, 5.7-9.2 15.4%, 13.3-17.8 3.2%, 2.3-4.5 
 
In addition, respondents were also asked to rate their level of agreement with the availability of 
different facilities in the neighbourhood (within a 10-15 minute walk): 
 many shops, stores, markets or other places to buy things they need are within easy 
walking distance of home;  
 a 10-15 minute walk to a transit stop (such as bus, train, trolley, tram) from their home;  
 there are facilities to bicycle in or near my neighbourhood, such as special lanes, separate 
paths or trails, or shared use paths for cycles and pedestrians, and  
 neighbourhood has several free or low cost recreation facilities, such as parks, walking 
trails, bike paths, recreation centres, playgrounds, public swimming pools. 
 
They were also asked to rate their level of agreement that: 
 the crime rate in the neighbourhood made it unsafe to go on walks at night, and 
 too much traffic on the streets that it makes it difficult or unpleasant to walk in their 
neighbourhood. 
 
The distribution of these variables (see Table 6.22) were generally skewed towards the extreme 
values (strongly agree or disagree). Consequently, the values were categorized into “agree” 
(combining agree and strongly agree) and “disagree” (combining disagree, strongly disagree, and 
Chapter Six – An ecological approach to factors associated with total activity and walking 
 
Page 155 
 
does not apply). Given the “does not apply” category generally represented less than 3% of the 
distribution, these were incorporated into a “disagree” category, where appropriate (if 3% or 
higher, the ‘does not apply’ category was retained). 
 
Table 6.22:  Distribution of NEWS items, 2007 PAM 
 N 
Strongly 
disagree 
Somewhat 
disagree 
Somewhat 
agree 
Strongly 
agree 
Does not 
apply 
Don't 
know/ 
Refused 
Shops, stores, markets or  
places nearby 5,024 26.6% 12.8% 23.4% 34.2% 2.2% 0.8% 
Transit stop nearby 5,024 27.0% 4.9% 10.2% 52.0% 4.8% 1.1% 
Sidewalks on most of the 
streets in neighbourhood 
5,024 25.7% 4.8% 9.8% 55.8% 3.5% 0.4% 
Facilities to bicycle in 
neighbourhood 
5,024 28.2% 8.1% 18.1% 41.3% 2.6% 1.7% 
Neighbourhood has 
several free or low cost 
recreation facilities 
5,024 15.5% 9.3% 26.3% 46.2% 1.7% 1.1% 
Neighbourhood crime rate 
makes it unsafe to walk  5,024 57.2% 19.7% 11.4% 8.7% 1.2% 1.7% 
Traffic on the streets 
make it difficult or 
unpleasant to walk in 
neighbourhood 
5,024 53.7% 22.1% 14.2% 8.1% 1.2% 0.8% 
 
When examining the NEWS factors by key socio-demographic factors (see Table 6.23a), there 
were essentially no sex-related differences, with the exception that more women than men agreed 
to some extent that the crime rate in their neighbourhood made it unsafe to go on walks at night 
(24.9% for women agreeing versus 16.5% for men). Table 6.23b indicated that relatively more 
adults aged 18 to 44 years compared to those aged 45 to 64 years agreed to some extent that 
there were sidewalks on most streets in the neighbourhood. Older adults (65 years and older) 
were most likely to agree to some extent that the crime rate in the neighbourhood made it unsafe 
to go on walks at night. Moreover, compared to those with post-secondary education, fewer adults 
with a low level of education (less than secondary school) agreed to some extent that transit stops 
existed nearby. Similarly, a greater proportion of university educated individuals indicated that 
there were sidewalks on most streets compared to adults with less than secondary school; 
however this latter group was more likely to agree that crime rate or traffic made it unsafe to walk. 
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Table 6.23a:  NEWS items overall and by sex, 2007 PAM 
 N 
Estimate 
95% CI 
Sex 
Male % 
95% CI 
Female % 
95% CI 
Many shops, stores, other places within walking distance 
Disagree* 2,057 40.7%, 38.7-42.6 41.3%, 38.3-44.3 40.1%, 37.5-42.7 
Agree 2,808 59.3%, 57.4-61.3 58.7%, 55.7-61.7 59.9%, 57.3-62.5 
Transit stop 10-15 minute walk from home 
Disagree 1,801 32.3%, 30.5-34.1 31.1%, 28.5-33.9 33.4%, 31.0-35.9 
Agree 2,828 62.9%, 61.0-64.7 64.6%, 61.8-67.3 61.2%, 58.7-63.7 
Does not apply 329 4.8%, 4.1-5.6 4.3%, 3.3-5.4 5.3%, 4.4-6.5 
There are sidewalks on most of the streets in my neighbourhood 
Disagree 1,654 30.6%, 28.8-32.4 31.6%, 28.9-34.5 29.6%, 27.2-32.0 
Agree 3,151 65.9%, 64.0-67.8 64.6%, 61.7-67.4 67.2%, 64.7-69.6 
Does not apply 197 3.5%, 2.9-4.2 3.8%, 2.9-4.9 3.3%, 2.5-4.3 
There are facilities to bicycle in neighbourhood 
Disagree* 1,998 37.9%, 36.0-39.8 36.1%, 33.3-39.0 39.6%, 37.0-42.2 
Agree 2,789 62.1%, 60.2-64.0 63.9%, 61.0-66.7 60.4%, 57.8-63.0 
Neighbourhood has several free or low cost recreation facilities 
Disagree* 1,346 25.4%, 23.8-27.2 24.9%, 22.4-27.6 26.0%, 23.8-28.3 
Agree 3,524 74.6%, 72.8-76.2 75.1%, 72.4-77.6 74.0%, 71.7-76.2 
Neighbourhood crime rate makes it unsafe to go on walks at night  
Disagree* 3,790 79.3%, 77.7-80.8 83.5%, 81.4-85.5 75.1%, 72.9-77.3 
Agree 1,089 20.7%, 19.2-22.3 16.5%, 14.5-18.6 24.9%, 22.7-27.1 
Too much traffic makes it difficult or unpleasant to walk 
Disagree* 3,822 77.3%, 75.6-78.9 77.7%, 75.2-80.1 76.9%, 74.6-79.0 
Agree 1,092 22.7%, 21.1-24.4 22.3%, 19.9-24.8 23.1%, 21.0-25.4 
* includes “does not apply” 
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Table 6.23b:  NEWS items by age and education, 2007 PAM 
 Age Education 
18 to 24  
%, 95% CI 
25 to 44 
%, 95% CI 
45 to 64 
%, 95% 
CI 
65 or older 
%, 95% CI 
< 
Secondary 
%, 95% CI 
Secondary 
%, 95% CI 
College 
%, 95% CI 
University 
%, 95% CI 
Many shops, stores, other places within walking distance 
Disagree” 37.1%,  
30.2-44.5 
38.3%,  
35.3-41.3 
43.6%,  
40.7-46.6 
43.0%,  
38.3-47.9 
44.9%,  
39.1-50.7 
39.4%,  
35.5-43.5 
39.5%, 
35.8-43.3 
40.6%,  
37.5-43.8 
Agree 62.9%,  
55.5-69.8 
61.7%,  
58.7-64.7 
56.4%,  
53.4-59.3 
57.0%,  
52.1-61.7 
55.1%,  
49.3-60.9 
60.6%,  
56.5-64.5 
60.5%, 
56.7-64.2 
59.4%,  
56.2-62.5 
Transit stop 10-15 minute walk from home 
Disagree 33.3%,  
26.8-40.6 
31.2%,  
28.4-34.0 
33.5%,  
30.8-36.3 
31.6%,  
27.3-36.3 
40.6%,  
35.1-46.3 
34.5%,  
30.8-38.5 
31.9%, 
28.6-35.5 
28.1%,  
25.4-31.1 
Agree 66.3%, 
59.1-72.9 
65.1%,  
62.2-67.9 
60.3%, 
57.4-63.1 
60.4%,  
55.7-65.0 
51.5%,  
45.8-57.1 
59.9%, 
55.9-63.8 
63.0%, 
59.3-66.5 
69.2%, 
66.2-72.1 
Does not 
apply - 
3.7%,  
2.8-5.0 
6.2%,  
5.0-7.7 
7.9%,  
5.8-10.7 
7.9%,  
5.7-11.0 
5.6%,  
4.2-7.4 
5.1%,  
3.8-6.9 
2.6%,  
1.9-3.6 
There are sidewalks on most of the streets in my neighbourhood 
Disagree 28.0%,  
21.5-35.5 
28.1%,  
25.4-31.0 
35.6%,  
32.9-38.5 
27.8%,  
23.7-32.3 
34.4%,  
29.2-40.1 
30.8%,  
27.0-34.8 
29.2%,  
25.9-32.6 
29.9%,  
27.0-32.9 
Agree 71.6%, 
64.1-78.1 
69.2%,  
66.3-71.9 
60.5%,  
57.6-63.3 
65.3%,  
60.6-69.7 
59.3%, 
53.7-64.8 
65.3%, 
61.2-69.1 
67.7%, 
64.1-71.0 
68.0%, 
64.9-70.9 
Does not 
apply - 
2.7%,  
1.9-3.9 
3.8%,  
2.9-5.1 
6.9%,  
4.9-9.7 
6.2%,  
4.2-9.3 
4.0%,  
2.8-5.6 
3.2%,  
2.2-4.6 
2.1%,  
1.4-3.3 
There are facilities to bicycle in neighbourhood 
Disagree” 37.4%,  
30.5-44.9 
37.3%,  
34.3-40.4 
39.9%,  
37.0-42.7 
35.6%,  
31.2-40.3 
41.2%,  
35.6-47.1 
38.9%,  
34.9-43.1 
39.0%,  
35.4-42.7 
35.4%,  
32.4-38.5 
Agree 62.6%, 
55.1-69.5 
62.7%, 
59.6-65.7 
60.1%, 
57.3-63.0 
64.4%, 
59.7-68.8 
58.8%, 
52.9-64.4 
61.1%, 
56.9-65.1 
61.0%, 
57.3-64.6 
64.6%, 
61.5-67.6 
Neighbourhood has several free or low cost recreation facilities 
Disagree” 25.9%,  
20.0-32.8 
22.9%,  
20.4-25.6 
27.9%,  
25.3-30.5 
25.7%,  
21.8-30.1 
29.3%,  
24.3-34.8 
27.4%,  
23.9-31.2 
25.4%,  
22.3-28.7 
22.6%,  
20.1-25.4 
Agree 74.1%, 
67.2-80.0 
77.1%, 
74.4-79.6 
72.1%, 
69.5-74.7 
74.3%, 
69.9-78.2 
70.7%, 
65.2-75.7 
72.6%, 
68.8-76.1 
74.6 
71.3-77.7 
77.4%, 
74.6-79.9 
Neighbourhood crime rate makes it unsafe to go on walks at night  
Disagree” 85.8%,  
80.8-89.7 
80.2%,  
77.6-82.5 
79.6%,  
77.1-81.9 
71.4%,  
66.9-75.6 
67.6%,  
62.3-72.5 
79.3%,  
76.1-82.2 
79.6%,  
76.5-82.4 
83.1%,  
80.6-85.4 
Agree 14.1%, 
10.3-19.2 
19.8%, 
17.5-22.4 
20.4%, 
18.1-22.9 
28.6%, 
24.4-33.1 
32.4%, 
27.5-37.7 
20.7%, 
17.8-23.9 
20.4%, 
17.6-23.5 
16.9%, 
14.6-19.4 
Too much traffic makes it difficult or unpleasant to walk 
Disagree” 80.7%,  
74.7-85.6 
76.6%,  
73.8-79.1 
79.0%,  
76.5-81.3 
72.1%,  
67.4-76.4 
69.2%,  
63.7-74.2 
76.1%,  
72.5-79.3 
80.4%,  
77.4-83.1 
78.7%,  
75.8-81.3 
Agree 19.3%, 
14.4-25.3 
23.4%, 
20.9-26.2 
21.0%, 
18.7-23.5 
27.9%, 
23.6-32.6 
30.8%, 
25.8-36.3 
23.9%, 
20.7-27.5 
19.6%, 
16.9-22.6 
21.3%, 
18.7-24.2 
- Data suppressed due to insufficient cell size. 
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6.3.5 Associations between individual factors, social factors and the physical 
environment and physical activity and walking 
 
One research question in this Chapter asked whether sufficient activity and sufficient walking differ 
according to individual factors and the social environment. Table 6.24a and Table 6.24b outline 
the relationships between the individual and social factors with sufficient walking and activity. 
Prompted awareness of guidelines and knowledge about the amount of PA required to meet 
guidelines was associated with being sufficiently active. Similarly, knowledge of the amount of PA 
required was also associated with meeting the walking criteria (all domain walking and highest 
quartile of recreational walking).  
 
A greater proportion of adults with the highest belief score (quartile 3 and 4) were sufficiently 
active and met the highest quartile of recreational walking. A greater proportion of adults with the 
highest self-efficacy and intention scores met the sufficient activity criterion, and the all-domain 
walking criterion, and highest recreational walking quartile. Similarly, higher levels of perceived 
behavioural control were associated with sufficient activity and recreational walking. In terms of 
trial behaviours, a greater proportion of adults who sought information on PA from friends and 
families, sought information in the community, tried or observed a PA class, or made active 
choices at work, were sufficiently active. Moreover, a greater proportion of adults who made active 
choices in their usual routine at work met each of the walking criteria. Other relationships also 
exist with initial behaviour changes, such as: 
 a greater proportion of adults who read articles on PA or sought out information on PA in 
the community reported the highest quartile of recreational walking; 
 relatively more adults who sought information on PA from family and friends met the 
highest quartile for walking for transport;  
 a greater proportion of adults who tried or observed a PA class met the highest quartile of 
both recreational walking and walking for transport; and, 
 relatively more adults who sought information on community activities met the highest 
quartile of recreational walking. 
Regarding the social environment, a greater proportion of adults reporting a higher score for social 
norms met the sufficient activity and all-domain walking criteria. 
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Table 6.24a: Prevalence rates of sufficient PA and walking by individual and social factors, 2007 
PAM 
  
N 
Physical activity  All-domain walking 
Insufficient Sufficient Insufficient Sufficient 
%, 95% CI %, 95% CI %, 95% CI %, 95% CI 
Prompted awareness of guidelines 
Not aware of guidelines 3,451 76.2%, 73.7-78.5 70.0%, 67.5-72.3 73.4%, 71.4-75.4 71.0%, 67.6-74.1 
Aware of guidelines 1,466 23.8%. 21.5-26.3 30.0%, 27.7-32.5 26.6% 24.6-28.6 29.0%, 25.9-32.4 
Knowledge of PA for guidelines 
Does not have knowledge 1,970 48.7%, 45.8-51.6 39.0%, 36.4-41.6 45.7%, 43.4-48.0 37.6%, 34.1-41.1 
Has knowledge of amount of 
PA for guidelines 
2,982 51.3%, 48.4-54.2 61.0%, 58.4-63.6 54.3%, 52.0-56.6 62.4%, 58.9-65.9 
Beliefs about the benefits of PA 
Q1 (lowest) 1,749 39.5%, 36.7-42.4 33.5%, 30.9-36.1 36.0%, 33.8-38.3 36.2%, 32.7-39.8 
Q2 575 11.5%, 9.7-13.5 11.3%, 9.7-13.1 11.2%, 9.8-12.8 11.7%, 9.6-14.3 
Q3 and 4 (highest) 2,650 49.0%, 46.1-51.9 55.2%, 52.5-57.9 52.8%, 50.4-55.1 52.0%, 48.4-55.6 
Self-efficacy 
Q1 (lowest) 904 34.2%, 31.5-37.1 8.7%, 7.4-10.2 24.4%, 22.5-26.5 9.2%, 7.4-11.5 
Q2 1,555 37.4%, 34.6-40.2 26.1%, 23.9-28.5 33.9%, 31.8-36.2 24.4%, 21.5-27.5 
Q3 459 6.7%, 5.5-8.2 11.2%, 9.5-13.2 8.6%, 7.3-10.0 10.9%, 8.7-13.4 
Q4 (highest) 2,024 21.7%, 19.4-24.2 54.0%, 51.3-56.6 33.1%, 30.9-35.3 55.5%, 51.9-59.0 
Social norms  
Q1 (lowest) 1,091 26.4%, 24.0-29.1 17.8%, 15.8-19.9 25.8%, 23.8-28.0 12.0%, 10.0-14.3 
Q2 1,023 23.0%, 20.6-25.6 19.5%, 17.5-21.6 22.7%, 20.8-24.7 17.3%, 14.8-20.1 
Q3 1,276 27.2%, 24.6-30.1 28.4%, 26.0-31.0 27.9%, 25.8-30.2 27.9%, 24.7-31.4 
Q4 (highest) 1,332 23.3%, 20.8-26.1 34.3%, 31.7-37.0 23.6%, 21.5-25.7 42.8%, 39.2-46.6 
Perceived behavioural control  
Q1 (lowest) 400 11.8%, 10.1-13.6 4.4%, 3.5-5.5 8.8%, 7.7-10.1 4.8%, 3.6-6.4 
Q2 1,295 31.1%, 28.4-33.9 22.8%, 20.7-25.1 26.8%, 24.7-28.9 25.6%, 22.6-28.8 
Q3 1,246 21.6%, 19.3-24.1 29.5%, 27.1-32.0 25.4%, 23.3-27.5 27.7%, 24.5-31.1 
Q4 (highest) 2,055 35.5%, 32.8-38.3 43.3%, 40.7-45.9 39.1%, 36.8-41.3 41.9%, 38.4-45.5 
Intention  
Q1 (lowest) 1,512 47.1%, 44.2-50.0 18.4%, 16.4-20.5 36.6%, 34.4-38.9 17.8%, 15.3-20.5 
Q2 895 18.7%, 16.5-21.1 18.2%, 16.2-20.4 18.0%, 16.3-19.9 19.3%, 16.5-22.4 
Q3 and 4 (highest) 2,574 34.2%, 31.5-37.0 63.5%, 60.9-66.0 45.4%, 43.1-47.7 63.0%, 59.4-66.4 
Initial behaviour change 
Did not read articles 1,839 41.7%, 38.9-44.6 37.2%, 34.7-39.9 38.3%, 36.0-40.6 41.1%, 37.6-44.8 
Read articles 3,147 58.3%, 55.4-61.1 62.8%, 60.1-65.3 61.7%, 59.4-64.0 58.9%, 55.2-62.4 
Did not seek info  2,659 59.9%, 57.0-62.7 51.7%, 49.0-54.4 57.0%, 54.7-59.3 51.4%, 47.7-55.0 
Sought info, friends/family 2,312 40.1%, 37.3-43.0 48.3%, 45.6-51.0 43.0%, 40.7-45.3 48.6%, 45.0-52.3 
Did not seek info  3,485 71.9%, 69.3-74.3 69.7%, 67.1-72.1 70.1%, 67.9-72.2 71.9%, 68.4-75.1 
Sought info, health 
professional 
1,486 28.1%, 25.7-30.7 30.3%, 27.9-32.9 29.9%, 27.8-32.1 28.1%, 24.9-31.6 
Did not try or observe class 2,343 53.5%, 50.6-56.4 41.6%, 39.0-44.3 47.6%, 45.3-50.0 44.9%, 41.3-48.5 
Tried or observed class 2,589 46.5%, 43.6-49.4 58.4%, 55.7-61.0 52.4%, 50.0-54.7 55.1%, 51.5-58.7 
Did not seek info  3,007 66.4%, 63.6-69.2 60.3%, 57.6-62.9 64.2%, 61.9-66.5 60.1%, 56.5-63.6 
Sought community activity 
info 
1,889 33.6%, 30.8-36.4 39.7%, 37.1-42.4 35.8%, 33.5-38.1 39.9%, 36.4-43.5 
Did not change routine 1,261 32.9%, 30.1-35.7 23.4%, 21.2-25.8 30.6%, 28.4-32.8 20.6%, 17.9-23.7 
Made active choices 3,464 67.1%, 64.3-69.9 76.6%, 74.2-78.8 69.4%, 67.2-71.6 79.4%, 76.3-82.1 
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Table 6.24b: Prevalence rates of walking by individual and social factors, 2007 PAM 
 Recreational walking Transportation walking 
  Lowest quartile  Highest quartile  Lowest quartile  Highest quartile  
%, 95% CI %, 95% CI %, 95% CI %, 95% CI 
Prompted awareness of guidelines 
Not aware of guidelines 73.3%, 69.6-76.8 69.8%, 65.4-73.9 72.5%, 69.7-75.1 70.7%, 65.6-75.4 
Aware of guidelines 26.7%, 23.2-30.4 30.2%, 26.1-34.6 27.5%, 24.9-30.3 29.3%, 24.6-34.4 
Knowledge of PA for guidelines 
Does not have knowledge 49.6%, 45.4-53.7 32.8%, 28.7-37.3 44.6%, 41.6-47.7 38.4%, 33.4-43.7 
Has knowledge of amount of 
PA for guidelines 
50.4%, 46.3-54.6 67.2%, 62.7-71.3 55.4%, 52.3-58.4 61.6%, 56.3-66.6 
Beliefs about the benefits of PA 
Q1 (lowest) 41.6%, 37.5-45.8 29.5%, 25.2-34.1 36.5%, 33.4-39.6 31.2%, 26.5-36.3 
Q2 12.2%, 9.6-15.4 9.1%, 6.8-12.0 9.2%, 7.5-11.1 14.2%, 10.9-18.3 
Q3 and 4 (highest) 46.3%, 42.1-50.4 61.5%, 56.7-66.0 54.4%, 51.2-57.5 54.6%, 49.3-59.8 
Self-efficacy 
Q1 (lowest) 23.2%, 19.9-26.8 6.6%, 4.8-9.0 22.0%, 19.5-24.6 12.1%, 9.3-15.7 
Q2 32.1%, 28.3-36.1 26.9%, 23.0-31.3 30.7%, 27.9-33.6 32.8%, 28.0-38.0 
Q3 10.1%, 7.7-13.1 9.3%, 7.0-12.3 10.1%, 8.3-12.3 12.8%, 9.5-17.0 
Q4 (highest) 34.7%, 30.8-38.7 57.2%, 52.5-61.7 37.3%, 34.4-40.3 42.3%, 37.2-47.6 
Social norms  
Q1 (lowest) 24.1%, 20.7-27.9 15.2%, 12.3-18.8 25.5%, 23.0-28.3 17.9%, 14.1-22.6 
Q2 20.6%, 17.5-24.1 20.6%, 17.3-24.5 22.8%, 20.4-25.5 21.7%, 17.8-26.2 
Q3 26.7%, 23.0-30.8 32.5%, 28.2-37.1 25.6%, 22.9-28.6 30.8%, 26.0-36.0 
Q4 (highest) 28.5%, 24.7-32.7 31.6%, 27.2-36.4 26.0%, 23.2-28.9 29.5%, 24.8-34.7 
Perceived behavioural control  
Q1 (lowest) 10.2%, 8.2-12.7 3.7%, 2.4-5.8 7.8%, 6.4-9.5 5.3%, 3.5-8.1 
Q2 29.8%, 26.0-33.8 20.1%, 16.6-24.1 28.4%, 25.7-31.4 25.0%, 20.6-30.0 
Q3 21.9%, 18.5-25.8 28.9%, 24.7-33.5 24.4%, 21.7-27.3 30.1%, 25.5-35.3 
Q4 (highest) 38.1%, 34.2-42.2 47.3%, 42.7-52.0 39.3%, 36.4-42.4 39.5%, 34.5-44.8 
Intention  
Q1 (lowest) 38.1%, 34.1-42.3 16.7%, 13.6-20.3 35.3%, 32.4-38.4 25.6%, 21.0-30.7 
Q2 15.8%, 13.1-19.0 19.5%, 15.8-23.8 17.1%, 14.9-19.6 19.2%, 15.4-23.5 
Q3 and 4 (highest) 46.0%, 41.9-50.2 63.8%, 59.2-68.3 47.5%, 44.4-50.6 55.3%, 49.9-60.5 
Initial behaviour change 
Did not read articles 50.1%, 46.0-54.3 31.1%, 26.9-35.5 40.6%, 37.5-43.7 36.6%, 31.6-41.8 
Read articles 49.9%, 45.7-54.0 68.9%, 64.5-73.1 59.4%, 56.3-62.5 63.4%, 58.2-68.4 
Did not seek info  61.8%, 57.6-65.8 53.2%, 48.5-57.9 60.4%, 57.4-63.4 50.3%, 45.0-55.6 
Sought info, friends family 38.2%, 34.2-42.4 46.8%, 42.1-51.5 39.6%, 36.6-42.6 49.7%, 44.4-55.0 
Did not seek info  73.6%, 69.8-77.1 67.0%, 62.4-71.4 70.9%, 68.1-73.7 67.6%, 62.3-72.6 
Sought info, health profession 26.4%¸ 22.9-30.2 33.0%, 28.6-37.6 29.1%, 26.3-31.9 32.4%, 27.4-37.7 
Did not try or observe class 57.8%, 53.6-61.9 46.6%, 41.9-51.3 54.5%, 51.3-57.6 40.5%, 35.5-45.7 
Tried or observed class 42.2%, 38.1-46.4 53.4%, 48.7-58.1 45.5%, 42.4-48.7 59.5%, 54.3-64.5 
Did not seek info  71.9%, 68.0-75.6 58.6%, 53.9-63.2 66.4%, 63.4-69.3 58.6%, 53.2-63.7 
Sought info in community  28.1%, 24.4-32.0 41.4%, 36.8-46.1 33.6%, 30.7-36.6 41.4%, 36.3-46.8 
Did not change routine 36.5%, 32.4-40.8 20.0%, 16.5-24.1 36.8%, 33.7-40.0 14.7%, 11.4-18.8 
Made active choices 63.5%, 59.2-67.6 80.0%, 75.9-83.5 63.2%, 60.0-66.3 85.3%, 81.2-88.6 
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Table 6.25a and Table 6.25b shows that there were very few significant differences between the 
NEWS items and either sufficient activity or sufficient walking when looking at the prevalence 
estimates. A greater proportion of those living in neighbourhoods consisting of primarily single-
family dwellings met the lowest quartile of walking for transportation, whereas a greater proportion 
of adults living in neighbourhoods with a mixture of all types of housing met the highest quartile for 
walking for transport. A greater proportion of adults who agreed that there are many shops, stores, 
or other places within walking distance within their neighbourhood, who agreed that a transit stop 
is close to their home (10-15 minute walk), who agreed that there are sidewalks on most of the 
streets in their neighbourhood, or who agreed that their neighbourhood has several free or low 
cost recreational facilities met the highest quartile of walking for transport. A higher proportion of 
adults who agreed that neighbourhood crime made it difficult to walk at night did not meet the 
sufficient PA and walking (all-domain) criteria, whereas a greater proportion who disagreed with 
the statement met these criteria. A greater proportion of adults who agreed that too much traffic 
made it difficult or unpleasant to walk reported the lowest quartile of recreational walking. 
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Table 6.25a: Prevalence rates of sufficient PA and walking by environmental factors, 2007 PAM 
Neighbourhood 
Environmental 
Walkability Scale 
(NEWS) items  
N 
Physical activity  All-domain walking 
Insufficient Sufficient Insufficient Sufficient 
%, 95% CI %, 95% CI %, 95% CI %, 95% CI 
Type of primary dwelling in neighbourhood 
Detached single-family 
residences 
3,450 71.2%, 68.5-73.8 73.4%, 71.0-75.7 72.5%, 70.3-74.5 72.5%, 69.0-75.6 
Townhouses, row 
houses, low rise apts 
383 8.8%, 7.1-10.8 8.2%, 6.7-10.0 8.6%, 7.2-10.2 8.1%, 6.2-10.5 
Mix 850 15.3%, 13.4-17.3 15.3%, 13.6-17.3 14.6%, 13.1-16.1 17.0%, 14.5-19.9 
Mid- to high-rise apt 166 4.7%, 3.7-6.1 3.0%, 2.3-4.1 4.4%, 3.5-5.4 2.4%, 1.6-3.7 
Availability of many shops, stores, other places within walking distance 
Disagree 2,057 39.7%, 36.9-42.6 41.4%, 38.7-44.1 40.1%, 37.8-42.5 41.9%, 38.3-45.5 
Agree 2,808 60.3%, 57.4-63.1 58.6%, 55.9-61.3 59.9%, 57.5-62.2 58.1%, 54.5-61.7 
Transit stop 10-15 minute walk from home 
Disagree 1,801 30.0%, 27.4-32.6 34.1%, 31.6-36.6 30.6%, 28.5-32.7 36.1%, 32.7-39.7 
Agree 2,828 65.4%, 62.7-68.0 61.0%, 58.4-63.5 64.4%, 62.2-66.6 59.5%, 55.9-63.0 
Not applicable 329 4.6%, 3.7-5.8 4.9%, 4.0-6.1 5.0%, 4.2-5.9 4.4%, 3.2-6.0 
There are sidewalks on most of the streets in my neighbourhood 
Disagree 1,654 28.4%, 25.9-31.0 32.3%, 29.8-34.9 29.2%, 27.1-31.4 33.6%, 30.2-37.1 
Agree 3,151 68.4%, 65.8-71.0 64.0%, 61.4-66.6 67.7%, 65.5-69.8 62.0%, 58.4-65.5 
Not applicable 197 3.2%, 2.4-4.3 3.7%, 2.9-4.8 3.1%, 2.4-3.9 4.4%, 3.2-6.1 
There are facilities to bicycle in neighbourhood 
Disagree 1,998 36.3%, 33.6-39.1 39.1%, 36.5-41.8 37.6%, 35.4-39.9 38.4%, 34.9-42.0 
Agree 2,789 63.7%, 60.9-66.4 60.9%, 58.2-63.5 62.4%, 60.1-64.6 61.6%, 58.0-65.1 
Neighbourhood has several free or low cost recreation facilities 
Disagree 1,346 26.3%, 23.9-28.9 24.8%, 22.5-27.2 25.1%, 23.2-27.2 26.1%, 23.0-29.4 
Agree 3,524 73.7%, 71.1-76.1 75.2%, 72.8-77.5 74.9%, 72.8-76.8 73.9%, 70.6-77.0 
Neighbourhood crime rate makes it unsafe to go on walks at night 
Disagree 3,790 76.3%, 73.8-78.6 81.5%, 79.5-83.4 77.8%, 75.8-79.6 82.5%, 79.9-84.9 
Agree 1,089 23.7%, 21.4-26.2 18.5%, 16.6-20.5 22.2%, 20.4-24.2 17.5%, 15.1-20.1 
Too much traffic makes it difficult or unpleasant to walk 
Disagree 3,822 76.0%, 73.3-78.4 78.3%, 76.0-80.4 76.5%, 74.5-78.5 78.9%, 75.9-81.7 
Agree 1,092 24.0%, 21.6-26.7 21.7%, 19.6-24.0 23.5%, 21.5-25.5 21.1%, 18.3-24.1 
- Data not released due to insufficient sample size 
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Table 6.25b: Prevalence rates of walking by environmental factors, 2007 PAM 
Neighbourhood 
Environmental 
Walkability Scale 
(NEWS) items  
Recreational walking Transportation walking 
Lowest quartile,  
%, 95% CI 
Highest quartile,  
%, 95% CI 
Lowest quartile,  
%, 95% CI 
Highest quartile,  
%, 95% CI 
Type of primary dwelling in neighbourhood 
Detached single-
family residences 
70.1%, 66.1-73.8 75.5%, 71.4-79.2 77.7%, 74.9-80.3 65.2%, 60.1-69.9 
Townhouses, row 
houses, low rise 
apts 
9.1%, 6.9-11.9 6.9%, 4.9-9.6 7.1%, 5.4-9.1 9.2%, 6.7-12.6 
Mix 16.9%, 14.2-20.0 14.7%, 11.7-18.3 12.3%, 10.5-14.3 21.3%, 17.4-25.8 
Mid- to high-rise apt 4.0%, 2.5-6.2 - 3.0%, 2.0-4.4 4.3%, 2.8-6.6 
Availability of many shops, stores, other places within walking distance 
Disagree 41.5%, 37.3-45.8 38.2%, 33.6-43.0 49.7%, 46.5-52.8 28.5%, 23.9-33.6 
Agree 58.5%, 54.2-62.7 61.8%, 57.0-66.4 50.3%, 47.2-53.5 71.5%, 66.4-76.1 
Transit stop 10-15 minute walk from home 
Disagree 31.4%, 27.7-35.3 28.3%, 24.3-32.6 34.3%, 31.5-37.2 25.0%, 20.7-29.8 
Agree 63.8%, 59.8-67.6 66.0%, 61.5-70.2 59.9%, 56.8-62.8 70.6%, 65.6-75.1 
Not applicable 4.8%, 3.6-6.5 5.8%, 4.0-8.2 5.8%, 4.7-7.3 4.4%, 2.9-6.6 
There are sidewalks on most of the streets in my neighbourhood 
Disagree 27.6%, 24.0-31.5 28.5%, 24.5-32.9 34.3%, 31.4-37.4 20.6%, 16.5-25.4 
Agree 67.9%, 63.9-71.6 67.6%, 63.0-71.8 60.5%, 57.5-63.5 77.4%, 72.6-81.6 
Not applicable 4.5%, 3.2-6.3 3.9%, 2.4-6.3 5.1%, 4.0-6.6 - 
There are facilities to bicycle in neighbourhood 
Disagree 38.4%, 34.4-42.6 41.4%, 36.8-46.1 40.5%, 37.5-43.6 35.4%, 30.4-40.6 
Agree 61.6%, 57.4-65.6 58.6%, 53.9-63.2 59.5%, 56.4-62.5 64.6%, 59.4-69.6 
Neighbourhood has several free or low cost recreation facilities 
Disagree 26.9%, 23.2-30.8 24.5%, 20.7-28.8 29.4%, 26.6-32.4 20.0%, 16.2-24.4 
Agree 73.1%, 69.2-76.8 75.5%, 71.2-79.3 70.6%, 67.6-73.4 80.0%, 75.6-83.8 
Neighbourhood crime rate makes it unsafe to go on walks at night 
Disagree 77.0%, 73.4-80.2 79.9%, 76.2-83.2 77.1%, 74.5-79.6 80.0%, 75.7-83.7 
Agree 23.0%, 19.8-26.6 20.1%, 16.8-23.8 22.9%, 20.4-25.5 20.0%, 16.3-24.3 
Too much traffic makes it difficult or unpleasant to walk 
Disagree 73.8%, 70.0-77.3 81.5%, 77.9-84.7 76.6%, 73.8-79.1 77.5%, 72.8-81.6 
Agree 26.2%, 22.7-30.0 18.5%, 15.3-22.1 23.4%, 20.9-26.2 22.5%, 18.4-27.2 
- Data not released due to insufficient cell size 
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The previous results described how sufficient activity and sufficient walking varied by individual, 
social and environmental variables. This section presents results that determine which factors 
were more strongly related to sufficient activity and all-domain walking. Building on the models 
contained in Chapter Four and Five, models in this Chapter explore factors which predict two 
additional types of walking: the highest quartile of recreational walking and the highest quartile of 
walking for transport.  
 
The individual and social factors were assessed as an independent model predicting these four 
dependent activity variables (illustrated in Figure 6.1 shown earlier in this Chapter) and are broken 
into three models representing the precursors of intention. Table 6.26a and Table 6.26b illustrate 
the relationships between certain individual factors (specifically, prompted awareness, knowledge, 
beliefs about the awareness) in predicting sufficient activity and walking levels.   
 
As depicted in Table 6.26a, when controlling for other individual level factors, prompted 
awareness of guidelines, knowledge about the amount of PA required, and the highest scores of 
beliefs about the benefits of PA (3rd and 4th quartile) were associated with higher odds of meeting 
the sufficient physical activity criterion. Knowledge about the amount of PA required was 
associated with the all-domain walking criterion. Moderate scores about the beliefs about the 
benefits of PA (quartile 2) was associated with the highest quartile of walking for transport, 
however this was not significant for the highest quartiles of beliefs. Knowledge about the amount 
of PA required and the highest scores of beliefs about the benefits of PA (3rd and 4th quartile) were 
associated with higher odds of meeting the highest quartile of walking for recreation. The amount 
of variation explained by this model is 5.9% for sufficient PA, 2.3% for sufficient all-domain 
walking, 8.8% for transportation walking, 12.2% for recreational walking, using the Nagelkerke 
pseudo R-square. 
  
Chapter Six – An ecological approach to factors associated with total activity and walking 
 
Page 165 
 
 
Table 6.26a: Odds ratios of sufficient activity level and all-domain walking by individual factors, 
2007 PAM 
  
  
Sufficient physical activity Sufficient all-domain walking 
Odds 
Ratio* 
Lower 
95% CI 
Upper 
95% CI 
Odds 
Ratio* 
Lower 
95% CI 
Upper 
95% CI 
Prompted awareness of guidelines 
Not aware of guidelines Reference Reference 
Aware of guidelines 1.42 1.18 1.71 1.17 0.97 1.43 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of 
guidelines 
1.37 1.16 1.63 1.32 1.10 1.58 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 1.08 0.81 1.45 0.85 0.61 1.17 
Q3 and 4 (highest 1.41 1.17 1.70 0.97 0.79 1.18 
* adjusted for age, sex, education level 
 
 
Table 6.26b: Odds ratios of walking by individual factors, 2007 PAM 
  Highest quartile recreation walking Highest quartile transport walking 
Odd ratio* 95% CI Odd ratio* 95% CI 
Prompted awareness for guidelines 
Not aware of guidelines Reference Reference 
Awareness of guidelines 0.96 0.72-1.29 1.16 0.87-1.54 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of 
guidelines 
1.77 1.34-2.34 1.25 0.97-1.62 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 0.85 0.51-1.42 1.63 1.07-2.47 
Q3 and 4 (highest) 1.47 1.08-2.00 0.99 0.74-1.33 
* adjusted for age, sex, education level 
 
Next, the model incorporates additional individual factors (adding in self-efficacy, PBC, and social 
norms to the previous model), and describes the amount of variation explained within this model. 
Table 6.27a and Table 6.27b illustrate the relationships between these six individual factors in 
predicting the four dependent variables: sufficient PA, sufficient all-domain walking, the highest 
score of recreational walking, and the highest score of walking for transport.   
 
After controlling for individual level factors, prompted awareness of guidelines was associated with 
sufficient PA, whereas knowledge about the amount of PA required and beliefs about the benefits 
of PA were not associated, as they were in Table 6.26a. Increasingly higher scores of self-efficacy 
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and social norms were also associated with sufficient PA; however PBC was not a significant 
predictor. For sufficient all-domain walking, knowledge about the amount of PA required was no 
longer significant in this model as it was in Table 6.26b, however higher scores of self-efficacy and 
social norms were associated with higher odds of meeting this criterion. Knowledge about the 
amount of PA required, the highest beliefs quartile, increasing quartiles of self-efficacy and social 
norms were associated with the highest quartile of walking for recreation. Moderate scores about 
the beliefs about the benefits of PA (quartile 2), the 2nd and 3rd quartiles of self-efficacy, and the 
higher scores of social norms were associated with a greater likelihood of walking for transport 
(see Table 6.27b). 
 
The amount of variation explained by this model as a delta between this and the previous model 
are 17% for sufficient PA, 11.4% for sufficient all-domain walking, 2.6% for transportation walking, 
10.7% for recreational walking, using the Nagelkerke pseudo R-square. 
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Table 6.27a: Odds ratios of sufficient activity level and daily walking by individual and social 
factors, 2007 PAM 
  
  
Sufficient physical activity Sufficient all-domain walking 
Odds 
Ratio* 
Lower 
95% CI 
Upper 
95% CI 
Odds 
Ratio* 
Lower 
95% CI 
Upper 
95% CI 
Prompted awareness of guidelines 
Not aware of guidelines Reference Reference 
Aware of guidelines 1.34 1.09 1.65 1.09 0.88 1.34 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of 
guidelines 
1.02 0.85 1.24 1.07 0.88 1.31 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 0.96 0.70 1.32 0.82 0.58 1.15 
Q3 and 4 (highest 1.11 0.89 1.37 0.83 0.67 1.03 
Self-efficacy 
Q1 (lowest) Reference Reference 
Q2 2.41 1.83 3.17 1.59 1.14 2.20 
Q3 4.88 3.35 7.11 2.58 1.71 3.90 
Q4 (highest) 7.71 5.79 10.26 3.42 2.48 4.71 
Social norms 
Q1 (lowest) Reference Reference 
Q2 1.24 0.94 1.62 1.56 1.15 2.12 
Q3 1.46 1.13 1.89 2.04 1.53 2.72 
Q4 (highest) 1.74 1.33 2.28 3.36 2.53 4.47 
Perceived behavioural control 
Q1 (lowest) Reference Reference 
Q2 1.03 0.70 1.50 1.18 0.77 1.80 
Q3 1.34 0.90 1.98 1.15 0.75 1.77 
Q4 (highest) 1.30 0.90 1.88 1.19 0.78 1.81 
* adjusted for age, sex, education level 
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Table 6.27b: Odds ratios of walking by individual and social factors, 2007 PAM 
  Highest quartile recreation walking Highest quartile transport walking 
Odd ratio* 95% CI Odd ratio* 95% CI 
Prompted awareness of guidelines 
Not aware of guidelines Reference Reference 
Aware of guidelines 0.95 0.70-1.27 1.15 0.86-1.54 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of 
guidelines 
1.47 1.09-1.99 1.18 0.90-1.54 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 0.74 0.42-1.30 1.60 1.04-2.46 
Q3 and 4 (highest) 1.44 1.04-2.00 0.91 0.67-1.24 
Self-efficacy 
Q1 (lowest) Reference Reference 
Q2 2.42 1.42-4.11 1.80 1.19-2.71 
Q3 3.04 1.62-5.71 2.07 1.22-3.51 
Q4 (highest) 5.19 3.11-8.65 1.46 0.96-2.22 
Social norms  
Q1 (lowest) Reference Reference 
Q2 1.70 1.10-2.62 1.41 0.96-2.08 
Q3 2.03 1.34-3.07 1.82 1.25-2.65 
Q4 (highest) 1.73 1.15-2.61 1.56 1.06-2.30 
Perceived behavioural control  
Q1 (lowest) Reference Reference 
Q2 1.06 0.53-2.14 0.91 0.51-1.62 
Q3 1.72 0.87-3.43 1.05 0.58-1.88 
Q4 (highest) 1.37 0.71-2.67 1.21 0.69-2.13 
* adjusted for age, sex, education level 
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The third model takes into account all the individual and social factors for predicting the four 
dependent activity variables. This model expands on the factors already considered in Table 6.27a 
and Table 6.27b (by adding in intention and initial behaviour change), along with the amount of 
variation explained within this model’s components. Table 6.28a shows the association between 
the individual and social factors in predicting sufficient activity and all-domain walking. Prompted 
awareness of guidelines, higher scores of self-efficacy, social norms, and intention, were 
associated with higher odds of achieving the sufficient PA criterion. The highest score of beliefs 
and reading articles pertaining to PA were associated with lower odds of sufficient all-domain 
walking, whereas higher self-efficacy, social norms, intention, and active choices at work were 
associated with a higher likelihood of achieving the sufficient all-domain walking criterion. Table 
6.28b examines the relationship between individual and social factors for predicting a high quartile 
of recreational and transportation walking. Knowledge about the benefits of the amount of PA 
required, higher scores of self-efficacy, social norms, and making active choices at work were 
associated with higher odds of reporting the highest quartile of recreational walking. Moderate 
scores of self-efficacy (quartile 2) and social norms (quartile 3), the highest intention score, and 
making active choices at work were associated with a greater likelihood of walking for 
transportation.  
 
The amount of variation explained by this model as the deltas from the previous model are 2.7% 
for sufficient PA, 1.7% for sufficient all-domain walking, 5.1% for transportation walking, 3.7% for 
recreational walking, using the Nagelkerke pseudo R-square. 
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Table 6.28a: Odds ratios of sufficient activity level and walking by individual, social factors, 2007 
PAM 
  
  
Sufficient physical activity Sufficient all-domain walking 
Odds 
Ratio* 
Lower 
95% CI 
Upper 
95% CI 
Odds 
Ratio* 
Lower 
95% CI 
Upper 
95% CI 
Prompted awareness of guidelines 
Not aware of guidelines Reference Reference 
Aware of guidelines 1.36 1.09 1.71 1.08 0.87 1.35 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of PA 1.02 0.84 1.24 1.04 0.85 1.28 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 0.92 0.66 1.28 0.73 0.51 1.04 
Q3 and 4 (highest 0.94 0.74 1.19 0.78 0.62 0.98 
Self-efficacy 
Q1 (lowest) Reference Reference 
Q2 2.00 1.48 2.70 1.25 0.88 1.76 
Q3 3.87 2.57 5.80 2.06 1.34 3.18 
Q4 (highest) 4.74 3.44 6.55 2.37 1.67 3.36 
Social norms 
Q1 (lowest) Reference Reference 
Q2 1.21 0.91 1.60 1.54 1.13 2.11 
Q3 1.39 1.07 1.82 1.98 1.47 2.67 
Q4 (highest) 1.66 1.25 2.22 3.26 2.44 4.36 
Perceived behavioural control 
Q1 (lowest) Reference Reference 
Q2 0.96 0.64 1.43 1.14 0.73 1.79 
Q3 1.13 0.75 1.72 1.08 0.69 1.70 
Q4 (highest) 1.05 0.71 1.56 1.05 0.67 1.64 
Intention 
Q1 (lowest) Reference Reference 
Q2 1.36 1.01 1.84 1.40 1.01 1.93 
Q3 and 4 (highest) 2.54 1.96 3.29 1.91 1.45 2.53 
Initial behaviour change 
Did not read articles Reference Reference 
Read articles 0.95 0.75 1.19 0.74 0.59 0.93 
Did not seek info  Reference Reference 
Sought info, friends/family 1.17 0.93 1.47 1.10 0.88 1.38 
Did not seek info  Reference Reference 
Sought info, health professional 0.96 0.76 1.20 0.90 0.71 1.14 
Did not try or observe class Reference Reference 
Tried or observed class 1.23 0.99 1.53 0.90 0.72 1.12 
Did not seek info  Reference Reference 
Sought info in community  0.94 0.75 1.16 0.95 0.77 1.18 
Did not change routine Reference Reference 
Made active choices 1.23 0.98 1.54 1.39 1.10 1.76 
* adjusted for age, sex, education level 
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Table 6.28b: Odds ratios of walking by individual and social factors, 2007 PAM 
  Highest quartile  
recreation walking 
Highest quartile  
transport walking 
Odd ratio* 95% CI Odd ratio* 95% CI 
Prompted awareness of guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of PA 0.92 0.67-1.26 1.02 0.75-1.39 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of 
guidelines 
1.46 1.05-2.02 1.18 0.89-1.57 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 0.63 0.34-1.14 1.46 0.94-2.27 
Q3 and 4 (highest) 1.24 0.86-1.77 0.81 0.58-1.13 
Self-efficacy 
Q1 (lowest) Reference Reference 
Q2 2.11 1.17-3.83 1.56 1.00-2.41 
Q3 2.61 1.30-5.26 1.64 0.93-2.88 
Q4 (highest) 4.40 2.42-8.00 1.09 0.68-1.74 
Social norms  
Q1 (lowest) Reference Reference 
Q2 1.75 1.11-2.78 1.22 0.82-1.81 
Q3 2.11 1.35-3.29 1.75 1.18-2.58 
Q4 (highest) 1.59 1.02-2.46 1.35 0.90-2.02 
Perceived behavioural control  
Q1 (lowest) Reference Reference 
Q2 0.84 0.41-1.75 0.74 0.40-1.37 
Q3 1.28 0.63-2.62 0.78 0.42-1.45 
Q4 (highest) 1.10 0.55-2.19 0.84 0.46-1.54 
Intention  
Q1 (lowest) Reference Reference 
Q2 1.42 0.86-2.36 1.18 0.77-1.81 
Q3 and 4 (highest) 1.46 0.95-2.26 1.54 1.05-2.25 
Initial behaviour change 
Did not read articles Reference Reference 
Read articles 1.35 0.94-1.95 0.87 0.64-1.19 
Did not seek info  Reference Reference 
Sought info, friends/family 0.95 0.68-1.32 1.07 0.79-1.43 
Did not seek info  Reference Reference 
Sought info, health professional 1.11 0.77-1.60 1.01 0.73-1.39 
Did not try or observe class Reference Reference 
Tried or observed class 1.18 0.86-1.61 1.33 1.00-1.76 
Did not seek info  Reference Reference 
Sought info in community  1.25 0.91-1.73 1.06 0.79-.1.42 
Did not change routine Reference Reference 
Made active choices 1.52 1.06-2.17 2.68 1.88-3.82 
* adjusted for age, sex, education level 
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Tables 6.29a examine environmental factors in predicting sufficient activity and all-domain 
walking, controlling for sex, age and education. Residing in neighbourhoods with predominately 
high-rise apartments was associated with a lower likelihood of all-domain walking. Otherwise, 
there were no significant differences with respect to sufficient PA or sufficient all-domain walking. 
 
 
Table 6.29a: Odds ratios of sufficient activity level and daily walking by NEWS factors, 2007 PAM 
  
Sufficient physical activity Sufficient all-domain walking 
Odds 
ratio* 
Lower 95% 
CI 
Upper 95% 
CI 
Odds 
ratio* 
Lower 95% 
CI 
Upper 95% 
CI 
Type of dwelling 
Single dwelling home  Reference  Reference 
Row house, townhouse, low 
rise apartments 
0.86 0.60 1.22 0.89 0.61 1.31 
Mix 1.05 0.83 1.33 1.28 0.99 1.63 
Mid- and high-rise apartments 0.71 0.45 1.11 0.54 0.32 0.89 
Many shops, stores, market or other places are within walking distance  
Disagree**  Reference  Reference 
Agree 1.03 0.83 1.26 0.98 0.79 1.23 
Transit stop is 10-15 minute walk from home  
Disagree   Reference  Reference 
Agree 0.89 0.71 1.10 0.86 0.68 1.09 
Does not apply 1.03 0.64 1.66 0.63 0.33 1.18 
There are sidewalks on most of the streets in my neighbourhood  
Disagree   Reference  Reference 
Agree 0.87 0.69 1.08 0.87 0.68 1.12 
Does not apply 1.16 0.45 3.00 2.14 0.85 5.41 
There are facilities to bicycle in or near neighbourhood  
Disagree**  Reference  Reference 
Agree 0.87 0.72 1.07 1.07 0.86 1.33 
Neighbourhood has several free or low cost recreation facilities  
Disagree**  Reference  Reference 
Agree 1.23 0.98 1.54 1.01 0.78 1.31 
Crime rate in neighbourhood makes it unsafe to go on walks at night   
Disagree**  Reference  Reference 
Agree 0.95 0.76 1.19 0.83 0.66 1.05 
Too much traffic on streets making it difficult or unpleasant to walk  
Disagree**  Reference  Reference 
Agree 0.97 0.78 1.21 0.96 0.76 1.21 
* adjusted for age, sex, education level 
** includes ‘does not apply’ category 
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Table 6.29b explores neighbourhood factors in predicting walking for recreation and for 
transport. Only one factor predicts walking for recreation; agreeing that too much traffic makes 
it difficult or unpleasant to walk was associated with lower odds of achieving the highest 
quartile of recreational walking. A greater likelihood of achieving the highest quartile of walking 
for transportation was seen among those who reside in neighbourhoods with a mixture of 
dwelling type and among those who agree that there are many shops, stores, and other places 
within walking distance. Agreeing that neighbourhood crime makes it unsafe to go on walks at 
night was associated with lower odds of walking for transport. 
 
Table 6.29b:  Odds ratios of walking by NEWS factors, 2007 PAM 
Neighbourhood Environmental 
Walkability Scale (NEWS) items 
Highest quartile recreation  
walking 
Highest quartile transport 
walking 
Odds ratio* 95% CI Odds ratio* 95% CI 
Type of dwelling 
Detached single-family residences Reference Reference 
Townhouses, row houses, low rise apts 0.79 0.47-1.32 1.19 0.73-1.93 
Mix 0.82 0.56-1.20 1.65 1.17-2.34 
Mid- to high-rise apt 0.97 0.47-2.01 1.73 0.82-3.65 
Many shops, stores, market or other places are within walking distance  
Disagree** Reference Reference 
Agree 1.27 0.91-1.77 2.19 1.55-3.08 
Transit stop 10-15 minute walk from home 
Disagree Reference Reference 
Agree 1.21 0.86-1.72 1.01 0.72-1.43 
Does not apply 1.54 0.73-3.28 1.06 0.46-2.42 
There are sidewalks on most of the streets in my neighbourhood  
Disagree Reference Reference 
Agree 1.02 0.70-1.47 1.38 0.94-2.02 
Does not apply 0.86 0.24-3.05 1.44 0.44-4.70 
There are facilities to bicycle in neighbourhood 
Disagree** Reference Reference 
Agree 0.82 0.60-1.13 0.93 0.68-1.28 
Neighbourhood has several free or low cost recreation facilities 
Disagree** Reference Reference 
Agree 1.11 0.76-1.63 1.14 0.77-1.70 
Neighbourhood crime rate makes it unsafe to go on walks at night 
Disagree** Reference Reference 
Agree 0.88 0.62-1.25 0.65 0.46-0.93 
Too much traffic makes it difficult or unpleasant to walk 
Disagree** Reference Reference 
Agree 0.69 0.48-0.97 1.17 0.84-1.63 
* adjusted for age, sex, education level 
** includes ‘does not apply’ category
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Table 6.30a and Table 6.30b summarize the individual, social, and physical environment 
factors in a full model, while adjusting for sex, age, and education. Similar to the independent 
models, higher scores of self-efficacy, social norms, and intention were associated with higher 
odds of sufficient activity and all-domain walking. In addition, prompted awareness of 
guidelines also predicted sufficient PA.  Making active choices at work and living in a 
neighbourhood with a mix of single dwelling homes, row houses, townhouses, and low rise 
apartments predicted sufficient all-domain walking, whereas living in neighbourhoods with 
predominately mid- to high-rise apartments predict a lower odds of sufficient all domain 
walking.  
 
As shown in Table 6.30b, moderate self-efficacy score (quartile 2), highest score of intention, 
trying or observing a class, making active choices at work, moderate social norm scores 
(quartile 3), all types of housing (in comparison to adults who reside in neighbourhoods with 
primarily a single-family dwelling), having many shops and stores nearby, having sidewalks on 
most streets are associated with higher odds of achieving the highest quartile of walking for the 
purpose of transportation. Knowledge about the amount of PA required, higher self-efficacy and 
social norm scores, and making active choices at work are associated with the highest quartile 
of recreational walking. No physical environment or neighbourhood factors, however, are 
significantly associated with the highest quartile of recreational walking.  
 
Using the Nagelkerke pseudo R-square, the amount of variation explained by the addition of 
the NEWS items this model as a delta of the earlier model is 0.5% for sufficient PA, 1.7% for 
sufficient all-domain walking, 5.7% for transportation walking, and 0.9% for recreational 
walking. 
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Table 6.30a: Individual, social and environmental factors by sufficient activity and walking, 2007 
PAM 
  Sufficient physical activity Sufficient all-domain walking 
Odds ratio* 95% CI Odds ratio* 95% CI 
Prompted awareness of guidelines 
Not aware Reference Reference 
Aware of guidelines 1.36 1.07-1.73 1.01 0.80-1.28 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of guidelines 1.01 0.82-1.24 1.04 0.84-1.30 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 1.00 0.70-1.41 0.75 0.51-1.08 
Q3 and 4 (highest) 0.98 0.77-1.26 0.81 0.64-1.04 
Self-efficacy 
Q1 (lowest) Reference Reference 
Q2 2.04 1.49-2.79 1.34 0.93-1.93 
Q3 4.08 2.66-6.27 2.00 1.26-3.19 
Q4 (highest) 4.70 3.35-6.60 2.41 1.66-3.51 
Social norms  
Q1 (lowest) Reference Reference 
Q2 1.26 0.94-1.69 1.59 1.14-2.22 
Q3 1.36 1.03-1.81 1.92 1.41-2.63 
Q4 (highest) 1.83 1.35-2.48 3.42 2.52-4.63 
Perceived behavioural control  
Q1 (lowest) Reference Reference 
Q2 0.92 0.59-1.42 1.03 0.64-1.66 
Q3 1.10 0.71-1.73 0.95 0.58-1.55 
Q4 (highest) 1.03 0.67-1.57 0.91 0.56-1.46 
Intention  
Q1 (lowest) Reference Reference 
Q2 1.44 1.04-1.98 1.40 1.00-1.96 
Q3 and 4 (highest) 2.60 1.98-3.41 2.02 1.50-2.72 
Initial behaviour change 
Did not read articles Reference Reference 
Read articles 0.99 0.78-1.27 0.79 0.62-1.01 
Did not seek info  Reference Reference 
Sought info from friends/family 1.22 0.96-1.55 1.12 0.88-1.43 
Did not seek info  Reference Reference 
Sought info from health professionals 0.93 0.73-1.18 0.96 0.75-1.22 
Did not try or observe class Reference Reference 
Tried or observed class 1.21 0.96-1.52 0.90 0.71-1.13 
Did not seek info  Reference Reference 
Sought info on community activities 0.98 0.78-1.23 0.95 0.75-1.19 
Did not change routine Reference Reference 
Made active choices 1.26 0.99-1.60 1.43 1.12-1.84 
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Table 6.30a: Individual, social and environmental factors by sufficient activity and walking, 2007 
PAM 
  Sufficient physical activity Sufficient all-domain walking 
Odds ratio* 95% CI Odds ratio* 95% CI 
Neighbourhood Environmental Walkability Scale (NEWS) items 
Type of dwelling 
Detached single-family residences Reference Reference 
Townhouses, row houses, low rise apts 1.02 0.68-1.52 1.16 0.78-1.71 
Mix 1.07 0.80-1.43 1.43 1.08-1.90 
Mid- to high-rise apt 0.76 0.43-1.34 0.55 0.31-0.95 
Many shops, stores, market or other places are within walking distance  
Disagree** Reference Reference 
Agree 0.94 0.73-1.20 0.95 0.74-1.21 
Transit stop 10-15 minute walk from home 
Disagree Reference Reference 
Agree 0.87 0.66-1.14 0.86 0.66-1.14 
Not applicable 1.20 0.64-2.24 0.45 0.23-0.86 
There are sidewalks on most of the streets in my neighbourhood  
Disagree Reference Reference 
Agree 0.87 0.66-1.15 0.83 0.63-1.11 
Not applicable 0.92 0.36-2.34 2.90 0.97-8.70 
There are facilities to bicycle in neighbourhood 
Disagree** Reference Reference 
Agree 0.89 0.69-1.14 0.90 0.70-1.17 
Neighbourhood has several free or low cost recreation facilities 
Disagree** Reference Reference 
Agree 0.92 0.70-1.22 0.92 0.69-1.23 
Neighbourhood crime rate makes it unsafe to go on walks at night 
Disagree** Reference Reference 
Agree 1.12 0.84-1.50 0.99 0.75-1.30 
Too much traffic makes it difficult or unpleasant to walk 
Disagree** Reference Reference 
Agree 1.11 0.83-1.49 0.97 0.73-1.27 
* adjusted for age, sex, education level 
** includes the ‘does not apply’ category 
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Table 6.30b: Individual, social and environmental factors by sufficient walking, 2007 PAM 
  Highest quartile recreation 
walking 
Highest quartile transport  
walking  
Odds ratio* 95% CI Odds ratio* 95% CI 
Prompted awareness of guidelines 
Not aware of guidelines Reference Reference 
Aware of guidelines 0.80 0.58-1.11 1.07 0.76-1.50 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of guidelines 1.42 1.00-2.01 1.23 0.90-1.67 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 0.68 0.36-1.27 1.52 0.94-2.45 
Q3 and 4 (highest) 1.25 0.85-1.83 0.81 0.56-1.17 
Self-efficacy 
Q1 (lowest) Reference Reference 
Q2 2.44 1.27-4.69 1.69 1.04-2.74 
Q3 2.94 1.37-6.27 1.65 0.87-3.14 
Q4 (highest) 4.58 2.37-8.86 1.07 0.64-1.78 
Social norms  
Q1 (lowest) Reference Reference 
Q2 2.04 1.24-3.34 1.25 0.80-1.94 
Q3 2.40 1.50-3.83 1.78 1.15-2.75 
Q4 (highest) 1.86 1.17-2.96 1.26 0.81-1.97 
Perceived behavioural control  
Q1 (lowest) Reference Reference 
Q2 0.83 0.39-1.80 0.67 0.32-1.37 
Q3 1.10 0.52-2.35 0.74 0.36-1.52 
Q4 (highest) 1.03 0.49-2.14 0.80 0.39-1.63 
Intention  
Q1 (lowest) Reference Reference 
Q2 1.46 0.86-2.48 1.25 0.77-2.01 
Q3 and 4 (highest) 1.49 0.93-2.39 1.60 1.05-2.45 
Initial behaviour change 
Did not read articles Reference Reference 
Read articles 1.30 0.88-1.92 0.83 0.59-1.18 
Did not seek info      
Sought info from friends/family 0.95 0.66-1.36 1.00 0.73-1.37 
Did not seek info      
Sought info from health professionals 1.09 0.74-1.60 1.00 0.71-1.41 
Did not try or observe class     
Tried or observed class 1.12 0.80-1.56 1.50 1.10-2.05 
Did not seek info      
Sought info on community activities 1.10 0.79-1.54 0.95 0.69-1.31 
Did not change routine     
Made active choices 1.72 1.16-2.54 2.58 1.76-3.79 
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Table 6.30b: Individual, social and environmental factors by sufficient walking, 2007 PAM 
  Highest quartile recreation 
walking 
Highest quartile transport  
walking  
Odds ratio* 95% CI Odds ratio* 95% CI 
Neighbourhood Environmental Walkability Scale (NEWS) items 
Type of dwelling 
Detached single-family residences Reference Reference 
Townhouses, row houses, low rise apts 0.83 0.47-1.47 1.64 1.00-2.70 
Mix 0.77 0.50-1.18 1.56 1.04-2.34 
Mid- to high-rise apt 1.37 0.57-3.32 2.22 1.01-4.85 
Many shops, stores, market or other places are within walking distance  
Disagree Reference Reference 
Agree 0.88 0.60-1.29 1.83 1.27-2.65 
Transit stop 10-15 minute walk from home 
Disagree Reference Reference 
Agree 1.09 0.72-1.65 1.02 0.71-1.47 
Not applicable 0.81 0.33-1.97 1.07 0.40-2.87 
There are sidewalks on most of the streets in my neighbourhood  
Disagree Reference Reference 
Agree 1.09 0.70-1.67 1.56 1.03-2.35 
Not applicable 1.60 0.62-4.13 2.23 0.57-8.76 
There are facilities to bicycle in neighbourhood 
Disagree Reference Reference 
Agree 0.78 0.51-1.17 0.95 0.67-1.33 
Neighbourhood has several free or low cost recreation facilities 
Disagree Reference Reference 
Agree 0.90 0.56-1.45 0.93 0.62-1.41 
Neighbourhood crime rate makes it unsafe to go on walks at night 
Disagree Reference Reference 
Agree 1.04 0.68-1.59 0.74 0.51-1.08 
Too much traffic makes it difficult or unpleasant to walk 
Disagree Reference Reference 
Agree 0.75 0.49-1.15 1.18 0.80-1.72 
* adjusted for age, sex, education level 
** includes the ‘does not apply’ category 
 
 
Table 6.31a, Table 6.31b, Table 6.32a, and Table 6.32a stratifies the individual, social, and 
physical environment factors that predict sufficient walking separately for men and women 
aged 44 and younger respectively, adjusting for education level. Among men less than 45 
years of age, higher scores of self-efficacy, social norms, and intention were associated with 
higher odds of sufficient activity and all-domain walking. The highest scores of beliefs about the 
benefits of PA were associated with a higher likelihood of meeting the highest quartile of 
recreational walking. Reading articles about PA was associated with a lower likelihood of 
sufficient all-domain walking. Making active choices during the work routine and trying or 
observing a class was associated with a greater likelihood of achieving the highest quartile of 
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walking for transportation. Younger men who sought information about PA from family and 
friends had a lower likelihood of achieving the highest quartile of walking for recreation. Among 
men of this age group, no significant relationships existed between environmental factors and 
meeting the sufficient activity criterion or walking for recreation or transport, with the exception 
that younger men who reside in neighbourhoods with a mix of dwelling types were more likely 
to walk in general (all-domain). 
 
For women less than 45 years of age, higher scores of self-efficacy and intention were 
associated with higher odds of sufficient activity, all-domain walking, and higher quartiles of 
recreational walking, but not walking for transportation. Higher social norm scores were also 
associated with a greater likelihood of all-domain walking and walking for recreation purposes. 
Similarly, a moderate social norms score (quartile 3) predicted a higher odds of walking for 
transportation. Trying or observing a PA class was associated with greater odds of walking for 
recreation and transport, whereas seeking information from health professionals predicted 
lower odds of reporting the highest quartile of recreational walking. Making active choices 
during the daily work routine was associated with a greater likelihood of all-domain walking and 
walking for the purposes of transportation. Among women of this age group, there was only 
one significant relationship with environmental measures; living in neighbourhoods consisting 
of a mix of dwellings was associated with lower odds of all-domain walking.  
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Table 6.31a:  Individual, social and environmental factors by sufficient activity and walking, 
Males <45 years, 2007 PAM 
  Sufficient physical activity  Sufficient all-domain walking 
Odds ratio* 95% CI Odds ratio* 95% CI 
Prompted awareness of guidelines 
Not aware of guidelines Reference Reference 
Aware of guidelines 1.42 0.80-2.53 0.82 0.47-1.44 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of 
guidelines 
1.40 0.85-2.31 1.14 0.73-1.79 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 1.12 0.51-2.47 1.00 0.47-2.12 
Q3 and 4 (highest) 0.73 0.42-1.27 0.96 0.58-1.58 
Self-efficacy 
Q1 (lowest) Reference Reference 
Q2 4.69 2.25-9.77 3.21 1.40-7.37 
Q3 10.15 3.86-26.73 4.05 1.49-11.03 
Q4 (highest) 13.52 6.37-28.71 3.94 1.81-8.61 
Social norms 
Q1 (lowest) Reference Reference 
Q2 1.94 0.98-3.85 2.97 1.34-6.56 
Q3 1.71 0.88-3.34 3.77 1.81-7.86 
Q4 (highest) 3.24 1.56-6.73 9.01 4.38-18.55 
Perceived behavioural control 
Q1 (lowest) Reference Reference 
Q2 0.78 0.27-2.27 0.76 0.24-2.33 
Q3 0.74 0.25-2.18 0.68 0.22-2.12 
Q4 (highest) 1.02 0.34-3.08 0.81 0.25-2.62 
Intention 
Q1 (lowest) Reference Reference 
Q2 2.00 1.04-3.83 2.02 1.00-4.08 
Q3 and 4 (highest) 4.24 2.21-8.13 2.87 1.51-5.49 
Initial behaviour change 
Did not read articles Reference Reference 
Read articles 1.07 0.63-1.83 0.60 0.37-0.95 
Did not seek info  Reference Reference 
Sought info from friends/family 1.17 0.69-1.98 1.53 0.95-2.45 
Did not seek info  Reference Reference 
Sought info from health 
professionals 
1.01 0.55-1.88 1.04 0.61-1.77 
Did not try or observe class Reference Reference 
Tried or observed class 0.85 0.50-1.45 0.69 0.43-1.10 
Did not seek info  Reference Reference 
Sought info on community 
activities 
0.95 0.56-1.61 1.02 0.65-1.61 
Did not change routine Reference Reference 
Made active choices 1.39 0.79-2.44 1.18 0.73-1.90 
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Table 6.31a:  Individual, social and environmental factors by sufficient activity and walking, 
Males <45 years, 2007 PAM 
  Sufficient physical activity  Sufficient all-domain walking 
Odds ratio* 95% CI Odds ratio* 95% CI 
Neighbourhood Environmental Walkability Scale (NEWS) items 
Type of dwelling 
Detached single-family 
residences 
Reference Reference 
Townhouses, row houses, low 
rise apts 
0.58 0.27-1.24 1.33 0.64-2.77 
Mix 1.12 0.60-2.11 3.70 2.09-6.53 
Mid- to high-rise apt 0.42 0.14-1.21 0.75 0.26-2.10 
Many shops, stores, market or other places are within walking distance  
Disagree Reference Reference 
Agree 0.95 0.53-1.70 0.91 0.55-1.53 
Transit stop 10-15 minute walk from home 
Disagree Reference Reference 
Agree 0.71 0.37-1.38 0.74 0.41-1.33 
Not applicable 0.52 0.14-1.97 0.20 0.04-1.05 
There are sidewalks on most of the streets in my neighbourhood  
Disagree Reference Reference 
Agree 0.94 0.48-1.86 0.73 0.40-1.30 
Not applicable 1.97 0.32-12.20 4.14 0.83-20.58 
There are facilities to bicycle in neighbourhood 
Disagree Reference Reference 
Agree 1.37 0.76-2.46 0.90 0.51-1.59 
Neighbourhood has several free or low cost recreation facilities 
Disagree Reference Reference 
Agree 0.62 0.33-1.20 0.55 0.29-1.04 
Neighbourhood crime rate makes it unsafe to go on walks at night 
Disagree Reference Reference 
Agree 0.87 0.43-1.74 1.13 0.62-2.07 
Too much traffic makes it difficult or unpleasant to walk 
Disagree Reference Reference 
Agree 1.32 0.74-2.36 1.02 0.58-1.77 
*  adjusted for education level 
** includes the ‘does not apply’ category 
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Table 6.31b: Individual, social and environmental factors by sufficient walking, Males <45 years, 
2007 PAM 
  Highest quartile recreation 
 walking 
Highest quartile transport 
walking  
Odds ratio* 95% CI Odds ratio* 95% CI 
Prompted awareness of guidelines 
Not aware of guidelines Reference Reference 
Aware of guidelines 0.81 0.35-1.92 1.03 0.49-2.15 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of 
guidelines 
0.92 0.41-2.03 1.02 0.51-2.05 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 0.61 0.17-2.17 2.28 0.85-6.07 
Q3 and 4 (highest) 3.88 1.64-9.17 0.71 0.32-1.56 
Self-efficacy 
Q1 (lowest) Reference Reference 
Q2 1.12 0.23-5.41 1.30 0.43-3.92 
Q3 1.51 0.21-10.70 2.51 0.70-8.95 
Q4 (highest) 1.85 0.40-8.44 0.77 0.24-2.49 
Social norms  
Q1 (lowest) Reference Reference 
Q2 2.30 0.66-8.00 0.78 0.32-1.89 
Q3 3.09 0.94-10.16 1.05 0.43-2.56 
Q4 (highest) 2.85 0.85-9.54 1.14 0.46-2.83 
Perceived behavioural control  
Q1 (lowest) Reference Reference 
Q2 0.64 0.15-2.76 0.53 0.12-2.32 
Q3 0.65 0.15-2.93 0.76 0.18-3.23 
Q4 (highest) 0.37 0.09-1.47 0.79 0.20-3.17 
Intention  
Q1 (lowest) Reference Reference 
Q2 0.59 0.20-1.76 0.95 0.36-2.47 
Q3 and 4 (highest) 0.83 0.29-2.40 1.72 0.68-4.30 
Initial behaviour change 
Did not read articles Reference Reference 
Read articles 2.25 0.96-5.27 0.66 0.33-1.30 
Did not seek info  Reference Reference 
Sought info from friends/family 0.38 0.15-0.95 0.76 0.40-1.46 
Did not seek info  Reference Reference 
Sought info from health 
professionals 
1.15 0.47-2.84 0.64 0.29-1.39 
Did not try or observe class Reference Reference 
Tried or observed class 0.75 0.35-1.61 2.13 1.06-4.27 
Did not seek info  Reference Reference 
Sought info on community 
activities 
1.06 0.50-2.28 0.69 0.34-1.40 
Did not change routine Reference Reference 
Made active choices 2.20 0.89-5.41 4.09 1.80-9.29 
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Table 6.31b: Individual, social and environmental factors by sufficient walking, Males <45 years, 
2007 PAM 
  Highest quartile recreation 
 walking 
Highest quartile transport 
walking  
Odds ratio* 95% CI Odds ratio* 95% CI 
Neighbourhood Environmental Walkability Scale (NEWS) items 
Type of dwelling 
Detached single-family 
residences 
Reference Reference 
Townhouses, row houses, low 
rise apts 
0.95 0.25-3.61 1.29 0.46-3.59 
Mix 0.55 0.20-1.53 2.21 0.98-5.00 
Mid- to high-rise apt 1.33 0.32-5.50 0.35 0.05-2.37 
Many shops, stores, market or other places are within walking distance  
Disagree Reference Reference 
Agree 0.67 0.25-1.81 2.02 0.87-4.65 
Transit stop 10-15 minute walk from home 
Disagree Reference Reference 
Agree 1.46 0.54-3.94 0.80 0.34-1.89 
Not applicable 0.26 0.04-1.85 4.29 0.34-53.45 
There are sidewalks on most of the streets in my neighbourhood 
Disagree Reference Reference 
Agree 2.08 0.61-7.04 1.64 0.59-4.57 
Not applicable 2.88 0.41-20.24 3.52 0.45-27.41 
There are facilities to bicycle in neighbourhood 
Disagree Reference Reference 
Agree 0.65 0.26-1.63 1.07 0.52-2.22 
Neighbourhood has several free or low cost recreation facilities 
Disagree Reference Reference 
Agree 1.19 0.39-3.63 0.99 0.39-2.49 
Neighbourhood crime rate makes it unsafe to go on walks at night 
Disagree Reference Reference 
Agree 0.76 0.28-2.04 1.21 0.53-2.78 
Too much traffic makes it difficult or unpleasant to walk 
Disagree Reference Reference 
Agree 1.00 0.39-2.55 1.80 0.79-4.08 
*  adjusted for  education level 
** includes the ‘does not apply’ category 
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Table 6.32a: Individual, social and environmental factors by sufficient activity and walking, 
Females <45 years, 2007 PAM 
 Sufficient physical activity Sufficient all-domain walking 
Odds ratio* 95% CI Odds ratio* 95% CI 
Prompted awareness of guidelines 
Not aware of guidelines Reference Reference 
Aware of guidelines 0.91 0.55-1.48 0.85 0.52-1.37 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of 
guidelines 
0.70 0.46-1.06 0.66 0.43-1.01 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 0.72 0.38-1.36 0.51 0.25-1.04 
Q3 and 4 (highest) 0.85 0.53-1.38 0.64 0.39-1.06 
Self-efficacy 
Q1 (lowest) Reference Reference 
Q2 2.22 1.21-4.06 1.15 0.60-2.21 
Q3 3.81 1.75-8.30 2.07 0.92-4.64 
Q4 (highest) 5.87 3.01-11.45 2.21 1.12-4.36 
Social norms  
Q1 (lowest) Reference Reference 
Q2 1.03 0.57-1.88 1.33 0.70-2.54 
Q3 1.20 0.69-2.08 1.56 0.86-2.85 
Q4 (highest) 1.65 0.91-3.01 2.92 1.59-5.35 
Perceived Behavioural Control  
Q1 (lowest) Reference Reference 
Q2 0.71 0.33-1.50 1.39 0.63-3.07 
Q3 0.99 0.45-2.20 1.56 0.69-3.53 
Q4 (highest) 0.85 0.40-1.84 1.46 0.66-3.23 
Intention  
Q1 (lowest) Reference Reference 
Q2 1.50 0.82-2.75 0.94 0.49-1.81 
Q3 and 4 (highest) 3.21 1.83-5.62 1.98 1.11-3.54 
Initial behaviour change 
Did not read articles Reference Reference 
Read articles 0.72 0.44-1.18 0.69 0.43-1.10 
Did not seek info  Reference Reference 
Sought info from friends/family 1.35 0.85-2.16 0.78 0.48-1.25 
Did not seek info  Reference Reference 
Sought info from health 
professionals 
1.17 0.73-1.87 1.30 0.81-2.09 
Did not try or observe class Reference Reference 
Tried or observed class 1.25 0.79-1.98 1.20 0.73-1.97 
Did not seek info  Reference Reference 
Sought info on community 
activities 
1.01 0.66-1.53 0.89 0.58-1.38 
Did not change routine Reference Reference 
Made active choices 1.58 0.94-2.63 1.99 1.15-3.44 
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Table 6.32a: Individual, social and environmental factors by sufficient activity and walking, 
Females <45 years, 2007 PAM 
 Sufficient physical activity Sufficient all-domain walking 
Odds ratio* 95% CI Odds ratio* 95% CI 
Neighbourhood Environmental Walkability Scale (NEWS) items 
Type of dwelling 
Detached single-family 
residences 
Reference Reference 
Townhouses, row houses, low 
rise apts 
1.25 0.66-2.37 0.74 0.35-1.55 
Mix 0.94 0.51-1.72 0.56 0.32-0.99 
Mid- to high-rise apt 1.05 0.38-2.89 0.32 0.10-1.02 
Many shops, stores, market or other places are within walking distance  
Disagree Reference Reference 
Agree 0.91 0.56-1.49 0.85 0.52-1.39 
Transit stop 10-15 minute walk from home 
Disagree Reference Reference 
Agree 1.08 0.63-1.85 1.14 0.66-1.95 
Not applicable 1.75 0.48-6.34 0.98 0.27-3.58 
There are sidewalks on most of the streets in my neighbourhood 
Disagree Reference Reference 
Agree 0.70 0.38-1.30 1.04 0.57-1.88 
Not applicable 0.01 0.00-0.20 2.28 0.03-166.48 
There are facilities to bicycle in neighbourhood 
Disagree Reference Reference 
Agree 0.62 0.37-1.04 0.81 0.49-1.34 
Neighbourhood has several free or low cost recreation facilities 
Disagree Reference Reference 
Agree 0.79 0.46-1.38 1.14 0.64-2.02 
Neighbourhood crime rate makes it unsafe to go on walks at night 
Disagree Reference Reference 
Agree 1.59 0.87-2.93 1.31 0.77-2.24 
Too much traffic makes it difficult or unpleasant to walk 
Disagree Reference Reference 
Agree 0.83 0.47-1.47 0.72 0.41-1.28 
*  adjusted for education level 
** includes the ‘does not apply’ category 
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Table 6.32b: Individual, social and environmental factors by sufficient walking, Females <45 
years, 2007 PAM 
  Highest quartile recreation 
 walking 
Highest quartile transport 
walking 
Odds ratio* 95% CI Odds ratio* 95% CI 
Prompted awareness of guidelines 
Not aware of guidelines Reference Reference 
Aware of guidelines 0.93 0.42-2.06 0.77 0.36-1.66 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of 
guidelines 
1.15 0.50-2.63 0.87 0.46-1.64 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 1.78 0.54-5.86 2.00 0.73-5.45 
Q3 and 4 (highest) 1.89 0.82-4.37 0.90 0.41-2.01 
Self-efficacy 
Q1 (lowest) Reference Reference 
Q2 6.47 1.35-31.01 2.03 0.82-5.04 
Q3 9.95 1.86-53.28 1.16 0.35-3.85 
Q4 (highest) 14.30 3.41-59.99 1.09 0.39-2.99 
Social norms  
Q1 (lowest) Reference Reference 
Q2 4.47 1.08-18.52 1.86 0.75-4.58 
Q3 4.06 1.20-13.78 4.75 1.99-11.35 
Q4 (highest) 6.11 1.77-21.03 1.68 0.66-4.29 
Perceived behavioural control  
Q1 (lowest) Reference Reference 
Q2 0.18 0.03-1.02 1.36 0.42-4.32 
Q3 0.19 0.03-1.13 0.93 0.28-3.14 
Q4 (highest) 0.29 0.05-1.60 1.14 0.35-3.72 
Intention  
Q1 (lowest) Reference Reference 
Q2 1.56 0.51-4.81 1.59 0.63-4.05 
Q3 and 4 (highest) 3.44 1.12-10.52 1.10 0.47-2.59 
Initial behaviour change 
Did not read articles Reference Reference 
Read articles 2.11 0.98-4.58 0.84 0.44-1.61 
Did not seek info  Reference Reference 
Sought info from friends/family 1.50 0.65-3.46 1.78 0.95-3.35 
Did not seek info  Reference Reference 
Sought info from health 
professionals 
0.32 0.13-0.80 1.17 0.58-2.37 
Did not try or observe class Reference Reference 
Tried or observed class 2.80 1.24-6.36 2.32 1.24-4.34 
Did not seek info  Reference Reference 
Sought info on community 
activities 
0.46 0.21-1.02 1.29 0.69-2.39 
Did not change routine Reference Reference 
Made active choices 2.56 0.83-7.89 3.91 1.57-9.78 
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Table 6.32b: Individual, social and environmental factors by sufficient walking, Females <45 
years, 2007 PAM 
  Highest quartile recreation 
 walking 
Highest quartile transport 
walking 
Odds ratio* 95% CI Odds ratio* 95% CI 
Neighbourhood Environmental Walkability Scale (NEWS) items 
Type of dwelling 
Detached single-family 
residences 
Reference Reference 
Townhouses, row houses, low 
rise apts 
0.49 0.14-1.75 2.48 0.78-7.83 
Mix 0.75 0.31-1.83 1.32 0.58-2.98 
Mid- to high-rise apt 1.81 0.16-20.83 4.93 0.92-26.37 
Many shops, stores, market or other places are within walking distance  
Disagree** Reference Reference 
Agree 0.81 0.38-1.73 1.71 0.91-3.20 
Transit stop 10-15 minute walk from home 
Disagree Reference Reference 
Agree 0.99 0.40-2.45 1.29 0.62-2.66 
Not applicable 0.48 0.09-2.54 1.17 0.20-6.87 
There are sidewalks on most of the streets in my neighbourhood 
Disagree Reference Reference 
Agree - - - - 
Not applicable - - - - 
There are facilities to bicycle in neighbourhood 
Disagree Reference Reference 
Agree 0.97 0.43-2.23 0.88 0.44-1.79 
Neighbourhood has several free or low cost recreation facilities 
Disagree** Reference Reference 
Agree 0.49 0.18-1.39 0.94 0.43-2.07 
Neighbourhood crime rate makes it unsafe to go on walks at night 
Disagree** Reference Reference 
Agree 0.60 0.24-1.51 1.22 0.60-2.48 
Too much traffic makes it difficult or unpleasant to walk 
Disagree** Reference Reference 
Agree 1.37 0.50-3.74 0.60 0.29-1.23 
- Data not released due to insufficient sample size 
*  adjusted for education level 
** includes the ‘does not apply’ category 
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Table 6.33a, Table 6.33b, Table 6.34a and Table 6.34b looks at factors that predict sufficient 
walking and activity, among adults who are 45 years and older, stratifying for gender and 
adjusting for educational level. Among men who were 45 years or older, higher scores of self-
efficacy and high scores of intention predicted higher odds of being sufficiently active. The 
highest score of self-efficacy (quartile 4), intention, and social norms were associated with 
higher odds of sufficient all-domain walking. Having a nearby transit stop predicted a lower 
likelihood of being sufficiently active among older men. Knowledge of the amount of PA 
required for guidelines, a high self-efficacy score (quartile 4) and a moderate score for social 
norms (quartile 2) were associated with a higher quartile of recreational walking, whereas a 
lower belief score (quartile 2) predicted lower odds.  A high intention score and living in 
neighbourhoods comprised primarily of mid- to high-rise apartments predicted a higher 
likelihood of transport walking, whereas crime was associated with lower odds.  For men 45 
years and older, living in a neighbourhood with primarily town homes, row houses, or low-rise 
apartments and condos was associated with a greater likelihood of all-domain walking. 
 
The situation is somewhat different for older women. For this group, prompted awareness of 
guidelines, higher scores of self-efficacy and intention, and trying or observing a class, were 
associated with a greater likelihood of meeting sufficient amounts of PA, whereas high intention 
and social norms scores also predicted all-domain walking. Knowledge of the dose of PA 
contained within the guidelines was associated with all three walking criteria. A low-to-
moderate self-efficacy score (quartile 2) was associated with meeting the highest quartile of 
walking for transportation, whereas low-to-moderate social norm scores were associated with 
the highest quartile of recreational walking and highest quartile of walking for transportation 
(quartile 2 and 3 of the social norms score, respectively).  Seeking information about PA from 
health professionals and seeking information about community activities were associated with a 
greater likelihood of meeting the highest quartile of recreational walking. Among women of this 
age group, living in neighbourhoods of primarily mid-to-high rise apartments and condos was 
associated with a greater likelihood of meeting the highest quartile of walking for transport. 
Citing a transit stop within 10 to 15 minute walk from home predicted lower odds of all-domain 
walking. Reporting that there are many shops, stores, markets, and other places within walking 
distance was associated with a higher likelihood of walking for transportation purposes, 
whereas neighbourhood crime is associated with lower odds of this type of walking. 
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Table 6.33a: Individual, social and environmental factors by sufficient activity and walking, 
Males ≥45 years, 2007 PAM 
  Sufficient physical activity Sufficient all-domain walking  
Odds ratio* 95% CI Odds ratio* 95% CI 
Prompted awareness of guidelines 
Not aware of guidelines Reference Reference 
Awareness of guidelines 1.43 0.90-2.25 0.76 0.48-1.20 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of 
guidelines 
1.17 0.76-1.80 1.32 0.84-2.09 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 1.79 0.91-3.51 0.71 0.35-1.45 
Q3 and 4 (highest) 0.97 0.60-1.57 0.66 0.40-1.09 
Self-efficacy 
Q1 (lowest) Reference Reference 
Q2 1.43 0.77-2.66 1.40 0.67-2.95 
Q3 2.97 1.23-7.17 2.09 0.80-5.50 
Q4 (highest) 2.35 1.22-4.50 2.71 1.27-5.76 
Social norms  
Q1 (lowest) Reference Reference 
Q2 0.98 0.57-1.70 0.97 0.52-1.83 
Q3 1.39 0.78-2.48 1.39 0.76-2.55 
Q4 (highest) 1.51 0.80-2.82 2.10 1.13-3.89 
Perceived behavioural control  
Q1 (lowest) Reference Reference 
Q2 0.93 0.38-2.32 0.72 0.27-1.90 
Q3 1.79 0.71-4.48 1.04 0.39-2.79 
Q4 (highest) 1.73 0.72-4.18 0.84 0.32-2.20 
Intention 
Q1 (lowest) Reference Reference 
Q2 1.81 0.89-3.69 1.43 0.68-3.04 
Q3 and 4 (highest) 2.31 1.35-3.96 1.89 1.07-3.33 
Initial behaviour change 
Did not read articles Reference Reference 
Read articles 1.14 0.73-1.77 0.95 0.60-1.51 
Did not seek info  Reference Reference 
Sought info from friends/family 1.03 0.64-1.67 1.30 0.78-2.16 
Did not seek info  Reference Reference 
Sought info from health 
professionals 
0.68 0.42-1.11 0.88 0.52-1.48 
Did not try or observe class Reference Reference 
Tried or observed class 1.25 0.78-1.99 0.75 0.47-1.21 
Did not seek info  Reference Reference 
Sought info on community 
activities 
1.14 0.70-1.85 1.05 0.64-1.72 
Did not change routine Reference Reference 
Made active choices 1.14 0.73-1.78 1.58 0.95-2.62 
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Table 6.33a: Individual, social and environmental factors by sufficient activity and walking, 
Males ≥45 years, 2007 PAM 
  Sufficient physical activity Sufficient all-domain walking  
Odds ratio* 95% CI Odds ratio* 95% CI 
Neighbourhood Environmental Walkability Scale (NEWS) items 
Type of dwelling 
Detached single-family 
residences 
Reference Reference 
Townhouses, row houses, low 
rise apts 
1.56 0.65-3.76 3.13 1.36-7.19 
Mix 1.04 0.54-2.03 1.77 0.88-3.53 
Mid- to high-rise apt 0.64 0.21-1.98 0.89 0.30-2.64 
Many shops, stores, market or other places are within walking distance  
Disagree Reference Reference 
Agree 0.64 0.38-1.07 0.72 0.43-1.18 
Transit stop 10-15 minute walk from home 
Disagree Reference Reference 
Agree 0.60 0.37-0.99 1.02 0.59-1.77 
Not applicable 1.49 0.33-6.82 1.01 0.30-3.35 
There are sidewalks on most of the streets in my neighbourhood 
Disagree Reference Reference 
Agree 0.99 0.58-1.69 0.59 0.33-1.04 
Not applicable 0.97 0.20-4.71 2.50 0.53-11.73 
There are facilities to bicycle in neighbourhood 
Disagree Reference Reference 
Agree 0.81 0.51-1.28 0.77 0.46-1.28 
Neighbourhood has several free or low cost recreation facilities 
Disagree Reference Reference 
Agree 0.96 0.57-1.63 0.95 0.57-1.59 
Neighbourhood crime rate makes it unsafe to go on walks at night 
Disagree Reference Reference 
Agree 0.91 0.51-1.64 0.69 0.37-1.29 
Too much traffic makes it difficult or unpleasant to walk 
Disagree Reference Reference 
Agree 1.07 0.57-2.03 1.06 0.58-1.92 
*  adjusted for education level 
** includes the ‘does not apply’ category 
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Table 6.33b: Individual, social and environmental factors by sufficient walking, Males ≥45 years, 
2007 PAM 
  Highest quartile recreation 
walking 
Highest quartile transport  
walking  
Odds ratio* 95% CI Odds ratio* 95% CI 
Prompted awareness of guidelines 
Not aware of guidelines Reference Reference 
Aware of guidelines 0.58 0.29-1.18 1.15 0.60-2.23 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of 
guidelines 
2.60 1.32-5.13 1.63 0.81-3.26 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 0.26 0.09-0.76 1.75 0.69-4.43 
Q3 and 4 (highest) 0.64 0.27-1.50 0.52 0.24-1.13 
Self-efficacy 
Q1 (lowest) Reference Reference 
Q2 2.86 0.85-9.62 1.29 0.37-4.50 
Q3 2.76 0.72-10.64 1.60 0.41-6.20 
Q4 (highest) 9.88 3.06-31.89 0.85 0.27-2.67 
Social norms  
Q1 (lowest) Reference Reference 
Q2 3.46 1.32-9.10 1.52 0.60-3.84 
Q3 2.22 0.83-5.90 1.38 0.57-3.35 
Q4 (highest) 1.15 0.43-3.06 2.04 0.79-5.26 
Perceived behavioural control  
Q1 (lowest) Reference Reference 
Q2 1.21 0.26-5.63 0.25 0.04-1.73 
Q3 1.70 0.38-7.57 0.76 0.14-4.22 
Q4 (highest) 1.47 0.33-6.61 0.67 0.13-3.62 
Intention  
Q1 (lowest) Reference Reference 
Q2 2.86 0.85-9.71 1.03 0.35-3.07 
Q3 and 4 (highest) 1.74 0.68-4.44 2.47 1.01-6.06 
Initial behaviour change 
Did not read articles Reference Reference 
Read articles 1.06 0.51-2.23 0.64 0.31-1.32 
Did not seek info  Reference Reference 
Sought info from friends/family 0.75 0.33-1.70 1.03 0.47-2.30 
Did not seek info  Reference Reference 
Sought info from health 
professionals 
2.05 0.94-4.49 1.10 0.52-2.34 
Did not try or observe class Reference Reference 
Tried or observed class 1.04 0.49-2.20 1.48 0.73-3.02 
Did not seek info  Reference Reference 
Sought info on community 
activities 
1.13 0.53-2.41 1.32 0.63-2.78 
Did not change routine Reference Reference 
Made active choices 1.30 0.60-2.83 2.13 0.99-4.59 
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Table 6.33b: Individual, social and environmental factors by sufficient walking, Males ≥45 years, 
2007 PAM 
  Highest quartile recreation 
walking 
Highest quartile transport  
walking  
Odds ratio* 95% CI Odds ratio* 95% CI 
Neighbourhood Environmental Walkability Scale (NEWS) items 
Type of dwelling 
Detached single-family 
residences 
Reference Reference 
Townhouses, row houses, low 
rise apts 
1.31 0.34-5.01 2.07 0.65-6.65 
Mix 0.80 0.30-2.12 2.13 0.77-5.94 
Mid- to high-rise apt 2.22 0.18-27.47 4.15 1.00-17.21 
Many shops, stores, market or other places are within walking distance  
Disagree Reference Reference 
Agree 1.61 0.77-3.37 1.08 0.54-2.16 
Transit stop 10-15 minute walk from home 
Disagree Reference Reference 
Agree 0.82 0.39-1.75 1.35 0.63-2.89 
Not applicable 0.03 0.00-0.51 2.74 0.31-24.16 
There are sidewalks on most of the streets in my neighbourhood 
Disagree Reference Reference 
Agree 0.65 0.30-1.44 2.03 0.91-4.53 
Not applicable 5.16 0.69-38.76 3.01 0.36-25.30 
There are facilities to bicycle in neighbourhood 
Disagree Reference Reference 
Agree 0.81 0.40-1.66 0.92 0.46-1.84 
Neighbourhood has several free or low cost recreation facilities 
Disagree Reference Reference 
Agree 1.63 0.73-3.62 1.11 0.51-2.45 
Neighbourhood crime rate makes it unsafe to go on walks at night 
Disagree Reference Reference 
Agree 0.54 0.21-1.39 0.37 0.16-0.86 
Too much traffic makes it difficult or unpleasant to walk 
Disagree Reference Reference 
Agree 0.67 0.27-1.66 1.77 0.76-4.10 
*  adjusted for education level 
** includes the ‘does not apply’ category 
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Table 6.34a: Individual, social and environmental factors by sufficient activity and walking, 
Females ≥45 years, 2007 PAM 
  Sufficient physical activity Sufficient all-domain walking 
Odds ratio* 95% CI Odds ratio* 95% CI 
Prompted awareness of guidelines 
Not aware of guidelines Reference Reference 
Aware of guidelines 1.72 1.17-2.55 1.52 1.00-2.31 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of 
guidelines 
1.11 0.78-1.59 1.75 1.13-2.70 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 0.82 0.41-1.66 1.11 0.55-2.26 
Q3 and 4 (highest) 1.33 0.86-2.04 1.07 0.67-1.73 
Self-efficacy 
Q1 (lowest) Reference Reference 
Q2 1.51 0.84-2.71 0.88 0.45-1.75 
Q3 3.74 1.66-8.39 1.42 0.59-3.39 
Q4 (highest) 2.86 1.52-5.35 1.93 0.94-3.97 
Social norms  
Q1 (lowest) Reference Reference 
Q2 1.05 0.61-1.83 1.28 0.68-2.43 
Q3 1.09 0.66-1.80 1.77 0.99-3.19 
Q4 (highest) 1.40 0.84-2.32 2.89 1.70-4.91 
Perceived behavioural control  
Q1 (lowest) Reference Reference 
Q2 2.66 0.98-7.21 0.84 0.31-2.27 
Q3 3.09 1.13-8.45 0.65 0.23-1.80 
Q4 (highest) 1.86 0.71-4.89 0.56 0.20-1.51 
Intention  
Q1 (lowest) Reference Reference 
Q2 0.96 0.54-1.70 2.05 1.04-4.06 
Q3 and 4 (highest) 1.83 1.13-2.96 2.06 1.11-3.85 
Initial behaviour change 
Did not read articles Reference Reference 
Read articles 0.87 0.56-1.35 1.21 0.72-2.01 
Did not seek info  Reference Reference 
Sought info from friends/family 1.16 0.78-1.71 1.21 0.78-1.87 
Did not seek info  Reference Reference 
Sought info from health 
professionals 
0.98 0.66-1.46 0.84 0.54-1.30 
Did not try or observe class Reference Reference 
Tried or observed class 1.49 1.02-2.19 0.83 0.55-1.25 
Did not seek info  Reference Reference 
Sought info on community activities 1.09 0.75-1.58 0.89 0.59-1.35 
Did not change routine Reference Reference 
Made active choices 1.42 0.90-2.22 1.20 0.70-2.03 
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Table 6.34a: Individual, social and environmental factors by sufficient activity and walking, 
Females ≥45 years, 2007 PAM 
  Sufficient physical activity Sufficient all-domain walking 
Odds ratio* 95% CI Odds ratio* 95% CI 
Neighbourhood Environmental Walkability Scale (NEWS) items 
Type of dwelling 
Detached single-family residences Reference Reference 
Townhouses, row houses, low rise 
apts 
1.03 0.50-2.10 0.85 0.37-1.98 
Mix 1.06 0.62-1.80 1.20 0.70-2.03 
Mid- to high-rise apt 0.89 0.35-2.24 0.56 0.17-1.83 
Many shops, stores, market or other places are within walking distance  
Disagree Reference Reference 
Agree 1.30 0.85-2.00 1.24 0.76-2.01 
Transit stop 10-15 minute walk from home 
Disagree Reference Reference 
Agree 1.01 0.64-1.60 0.52 0.31-0.89 
Not applicable 1.00 0.36-2.77 0.09 0.02-0.39 
There are sidewalks on most of the streets in my neighbourhood 
Disagree Reference Reference 
Agree 0.83 0.52-1.34 1.11 0.67-1.85 
Not applicable 4.86 1.18-20.04 4.79 0.87-26.31 
There are facilities to bicycle in neighbourhood 
Disagree Reference Reference 
Agree 0.89 0.55-1.41 1.18 0.73-1.92 
Neighbourhood has several free or low cost recreation facilities 
Disagree Reference Reference 
Agree 1.32 0.78-2.23 1.18 0.68-2.03 
Neighbourhood crime rate makes it unsafe to go on walks at night 
Disagree Reference Reference 
Agree 1.14 0.73-1.78 1.07 0.67-1.72 
Too much traffic makes it difficult or unpleasant to walk 
Disagree Reference Reference 
Agree 1.05 0.65-1.70 0.92 0.57-1.50 
*  adjusted for education level 
** includes the ‘does not apply’ category 
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Table 6.34b: Individual, social and environmental factors by sufficient walking, Females ≥45 
years, 2007 PAM 
  Highest quartile recreation 
walking 
Highest quartile transport 
walking 
Odds ratio* 95% CI Odds ratio* 95% CI 
Prompted awareness of guidelines 
Not aware of guidelines Reference Reference 
Aware of guidelines 1.24 0.63-2.42 0.76 0.42-1.38 
Knowledge of PA for guidelines 
Does not have knowledge Reference Reference 
Has knowledge of amount of 
guidelines 
1.91 1.01-3.63 1.84 1.06-3.21 
Beliefs about the benefits of PA 
Q1 (lowest) Reference Reference 
Q2 0.38 0.11-1.30 0.84 0.30-2.35 
Q3 and 4 (highest) 1.19 0.57-2.50 0.89 0.43-1.82 
Self-efficacy 
Q1 (lowest) Reference Reference 
Q2 1.36 0.41-4.45 3.38 1.34-8.56 
Q3 2.52 0.57-11.19 2.08 0.58-7.48 
Q4 (highest) 2.14 0.57-8.01 2.56 0.98-6.65 
Social norms  
Q1 (lowest) Reference Reference 
Q2 2.76 1.03-7.39 2.37 0.98-5.73 
Q3 2.19 0.90-5.35 2.65 1.14-6.18 
Q4 (highest) 0.89 0.41-1.98 1.84 0.82-4.14 
Perceived behavioural control  
Q1 (lowest) Reference Reference 
Q2 - - 0.52 0.12-2.24 
Q3 - - 0.47 0.11-2.06 
Q4 (highest) - - 0.41 0.10-1.72 
Intention  
Q1 (lowest) Reference Reference 
Q2 2.68 0.92-7.78 1.49 0.58-3.78 
Q3 and 4 (highest) 2.29 0.90-5.82 1.67 0.77-3.61 
Trial behaviours 
 Did not read articles Reference Reference 
Read articles 1.10 0.50-2.42 1.09 0.51-2.33 
 Did not seek info from 
friends/family 
Reference Reference 
Sought info, friends/family 1.17 0.59-2.33 0.70 0.41-1.19 
 Did not seek info health 
professionals 
Reference Reference 
Sought info, health professionals 2.33 1.15-4.70 0.87 0.49-1.55 
 Did not try or observe class Reference Reference 
Tried or observed class 0.52 0.25-1.08 1.35 0.73-2.50 
 Did not seek info on community 
activities 
Reference Reference 
Sought info on community activities 2.01 1.07-3.78 1.15 0.66-1.99 
 Did not change routine Reference Reference 
Made active choices 0.76 0.34-1.70 1.31 0.66-2.61 
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Table 6.34b: Individual, social and environmental factors by sufficient walking, Females ≥45 
years, 2007 PAM 
  Highest quartile recreation 
walking 
Highest quartile transport 
walking 
Odds ratio* 95% CI Odds ratio* 95% CI 
Neighbourhood Environmental Walkability Scale (NEWS) items 
Type of dwelling 
Detached single-family residences Reference Reference 
Townhouses, row houses, low rise 
apts 
0.29 0.07-1.14 2.12 0.77-5.79 
Mix 0.77 0.32-1.87 1.62 0.79-3.32 
Mid- to high-rise apt 0.78 0.14-4.47 7.04 1.51-32.86 
Many shops, stores, market or other places are within walking distance  
Disagree Reference Reference 
Agree 0.96 0.46-2.00 2.62 1.33-5.14 
Transit stop 10-15 minute walk from home 
Disagree Reference Reference 
Agree 2.00 0.93-4.31 1.14 0.57-2.28 
Not applicable 3.01 0.50-18.23 0.41 0.07-2.28 
There are sidewalks on most of the streets in my neighbourhood 
Disagree Reference Reference 
Agree 1.00 0.46-2.16 1.95 1.00-3.83 
Not applicable 8.32 1.17-59.34 0.47 0.02-11.19 
There are facilities to bicycle in neighbourhood 
Disagree Reference Reference 
Agree 0.60 0.30-1.17 0.73 0.36-1.51 
Neighbourhood has several free or low cost recreation facilities 
Disagree Reference Reference 
Agree 0.95 0.43-2.10 1.01 0.39-2.61 
Neighbourhood crime rate makes it unsafe to go on walks at night 
Disagree Reference Reference 
Agree 1.06 0.49-2.26 0.44 0.22-0.87 
Too much traffic makes it difficult or unpleasant to walk 
Disagree Reference Reference 
Agree 0.58 0.28-1.22 1.60 0.79-3.26 
- Data not released due to insufficient sample size 
*  adjusted for education level 
** includes the ‘does not apply’ category 
 
6.4 Discussion   
 
The primary objectives of this Chapter were to: 
 understand the proportion of Canadians that met the criteria for being sufficiently active 
and the proportion of Canadians who walked sufficient amounts in 2007; 
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 independently explore the contribution of individual, social and environmental factors in 
relation to physical activity and walking; and, 
 take a socio-ecological approach for examining individual, social and environmental 
factors in predicting sufficient activity and walking.  
The unique contribution of this Chapter compared to the previous Chapters is the investigation 
into which of the individual, social, and environmental factors were more strongly associated 
with predicting sufficient walking and activity. This was first explored by taking into account age, 
sex, and education, and then subsequently examined by looking independently for younger 
women and men, and older women and men. 
 
Inactivity is prevalent among the Canadian population, with only one-third of adults undertaking 
sufficient amounts of walking to meet the guidelines of 60 minutes daily (walking for any 
purpose). In addition, just over half of adults reported that they perform enough daily PA to be 
considered sufficiently active. A multi-faceted and ecological approach examining the 
contribution of individual, social, and environmental factors to these behaviours is important. 
Earlier Chapters have demonstrated the influence of individual factors (such as knowledge, 
intention, certain trial behaviours - see Chapter Four) and environmental factors (such as 
access and availability of opportunities – see Chapter Five) on activity and walking, however, 
this Chapter examined all of these factors simultaneously, and their relative contribution to 
activity and walking.  
 
Compared to 2003, there were no statistically significant differences in the proportions meeting 
the walking criteria in 2004 or 2007. In 2007, the percentage who were active enough (56.6%) 
was slightly higher than that in 2003 and 2004. Findings from this Chapter indicate that 
sufficient amounts of PA and walking behaviours vary with demographic groups, namely 
 more men than women were sufficiently active according to the PA criteria; there are 
were no gender differences for walking, 
 sufficient levels of activity and walking decrease with increasing age, 
 activity level did not vary by education, whereas differences with education level appear 
for walking. 
 
These relationships with activity were generally consistent over time (see Chapter Four, 
Chapter Five), with a few notable exceptions: in 2003 and 2004, greater proportions of men 
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compared to women walked sufficient amounts whereas in 2007, there were no significant 
gender differences with walking; and, a relationship between activity level or walking and 
education appeared in 2003 and 2004 but was not significant in 2007. 
 
Individual factors related to PA and walking were explored in this Chapter, such as prompted 
awareness, knowledge of guidelines, beliefs about the benefits of PA, personal behavioural 
control, intention to be active, and steps towards initial behaviour change. Interestingly, there 
have been changes in overall proportions and relationships with covariates over time with 
respect to the factors. There has been a decline over time in awareness (prompted) of 
guidelines. A previous relationship with education and sex no longer exist, whereas a new 
relationship with age emerged in 2007. There has been a substantial increase over time in the 
proportion of Canadian adults who had knowledge of the PA guidelines (56.9% in 2007 and 
43.1% in 2003), and although there is no relationship with covariates in 2007, there were 
significant relationships with age and with education in 2003 (see Chapter Four). Similarly, the 
prevalence estimates for the beliefs about the benefits of PA have also increased significantly 
in 2007 compared to 2003 (see Chapter Four), and the relationships between these beliefs and 
the covariates have remained consistent over time. Although perceived behavioural control was 
not measured in 2003, intention to be active was. Similar to other factors, the proportion 
scoring the highest value of the scale for intention is slightly higher in 2007 compared to 2003 
(see Chapter Four), and again the relationship to the socio-demographic variables have 
persisted over time, with the exception that the association with education differs slightly in 
2007. In terms of steps taken towards initial behavioural change, there have been some slight 
increases between 2003 and 2007 in the proportion who indicate that they have taken these 
steps, such as reading articles (55.1% in 2003 compared to 60.8% in 2007), seeking 
information from family and friends (40.1% in 2003 vs. 44.7% in 2007), and obtaining 
information from health professionals (25.2% in 2003 vs. 29.4% in 2007). Generally speaking, 
however, relationships with the covariates have remained consistent over time (see Chapter 
Four).  
 
This Chapter also looked at specific factors describing the neighbourhood characteristics or 
physical environment in which Canadians live. The Chapter specifically used and examined a 
subset of the Neighbourhood Environment Walkability Scale, shown to be a valid and reliable 
measure of the neighbourhood environment [Brownson, 2004; Cerin, 2006]. The same 
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measures were used consistently over the two time periods of data collection (that is, 2004 and 
2007). There have been very few changes over time in the overall distribution of the 
environmental measures for these two data collection periods. For example, there was a 
greater proportion in 2007 who said that their neighbourhoods were primarily made up of 
single-family, detached homes compared to 2004, whereas fewer indicated that they lived in 
neighbourhoods with a mixture of single family homes, townhouses, row houses, apartments 
and condominiums. Furthermore, compared to 2004, a slightly higher proportion agreed that 
too much traffic made it difficult or unpleasant to walk. There were also differences over time in 
the relationship between the environmental factors and the covariates. In 2004, relatively more 
young adults (i.e., 18 to 24 years) agreed that their neighbourhood had many places to shop, 
transit stops, sidewalk on streets, and low cost or free recreational facilities, however, in 2007 
these relationships were either not statistically significant or not as clear. Although too much 
traffic in the neighbourhood was not related to education level of the respondent in 2004, there 
was a relationship with education in 2007. The reverse was true for bicycling facilities.  
 
In looking at the changes in the individual and environmental factors, there have been 
substantial changes in individual factors whereas less variation in the environmental factors. 
Intuitively, it makes sense that one would see the most change in prevalence rates among 
attitudinal or individual factors towards PA more so than concrete or tangible factors, such as 
physical infrastructure. For example, attitudinal shifts could possibly reflect changing cultural or 
social norms towards physical activity, and greater coverage in the media regarding obesity 
and overweight reflecting a general shift in awareness and knowledge, as examples. However, 
one would expect that factors related to infrastructure would have much less fluctuation over 
time especially in a relatively short time period (such as over three years, 2004 to 2007), unless 
significant changes or modifications were made to the environment during that time period. 
This is supported by what was found with data in this Chapter in comparison to findings in 
Chapter Five, where there have been very little shifts over time in the prevalence of 
environmental factors. It is important to note, that the general methods of the studies for both 
time periods have remained consistent (i.e., time frame for data capture, ethics procedures, 
data collection method, and sample frame selection), therefore, it is probable that the reason 
for the change would tend to be extraneous to the survey protocol and methods themselves. 
Future surveys examining these factors are warranted to determine if these changes in 
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prevalence, particularly among the attitudinal and other individual factors, are sustained over 
time.  
 
In addition to looking at the factors by covariates, a key research question examined the 
relationship between these factors and their relative contribution in predicting PA and walking. 
Considering the findings from Chapter Four, similar findings have appeared in 2007 when 
looking at individual and interpersonal factors associated with PA and walking behaviours. For 
example, knowledge about the amount of PA required, higher scores of intention to be active, 
and certain initial behaviours towards becoming more active, were associated with a greater 
likelihood of overall walking sufficient amounts and sufficient PA in 2003. Intention and 
knowledge about the amount of PA required were predictors of activity in both 2003 and 2007, 
however in 2007, knowledge is only significant in early models, but is not significant in the full 
models. Self-efficacy was added to the 2007 model, and is an important predictor of behaviour 
as posited in social cognitive theories (see Chapter Two). PBC was also added in 2007, 
however, is less significant as a predictor. When considering the results of Chapter Five, similar 
findings were observed when looking at cross-tabulations between environmental factors and 
activity and walking, in that very few significant differences appeared in both time periods. In 
2004, there were relationships between having shops nearby and sufficient walking, and 
neighbourhood crime predicting lower odds of sufficient activity, however, these relationships 
were not significant in 2007 for all-domain walking, yet were significant for walking for 
transportation purposes. The similarities and general persistence of many relationships across 
the years is reassuring given the fluctuations in some of the prevalence rates over time.  
 
Expanding the focus from all-domain walking, this Chapter also explored more purposeful 
walking, namely, walking for recreation and walking for transport. Differing relationships to 
those found for all-domain walking were found when considering walking for transportation 
purposes. For example, slightly more environmental factors were significant among walking for 
transportation purposes, as opposed to recreational and all-domain walking. Dwelling type was 
associated with all-domain walking and transportation walking, however, having shops nearby 
and sidewalks on most streets predicted the highest quartile of active transportation (yet were 
not significantly associated with either recreational walking or all-domain walking). These 
relationships with transport walking are supported somewhat by the literature, whereby Saelens 
and Handy [2008] found a relationship between walking for transportation and residential 
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density, land use mix, and also distance to non-residential destinations in a review of reviews, 
but did not find this relationship for recreational walking. The authors note though that 
infrastructure such as sidewalk availability and their condition was less consistently related to 
walking for transport and more so for walking for recreation [Saelens & Handy, 2008]. Cerin et 
al. [2006] found in their validity and development work of a short version of the NEWS that the 
scales developed to measure variation in access to destinations, residential density, walking 
infrastructure, aesthetics, safety and crime were positively associated with walking for 
transport, whereas aesthetics, mixed destinations, and residential density were positively 
associated with recreational walking. Moreover, Brownson et al. [2009] found that PA with 
different purposes (or domains) is influenced by different aspects of the environment (such as 
the availability of recreation facilities for leisure time activities and availability of sidewalks or 
bicycle lanes for active transportation). 
 
This Chapter differs from the previous two by taking a more ecological approach to 
understanding all of these factors where they were examined in one model to determine the 
relative contribution of each to PA and walking, when taking into account age, sex, and 
education level. The analyses in this Chapter indicate that many individual factors were 
associated with both activity and walking. Higher scores of self-efficacy, social norms, and 
intention were associated with higher odds of sufficient activity and all-domain walking. In 
addition, prompted awareness of guidelines also predicted sufficient PA. Making active choices 
at work and dwelling predicted sufficient all-domain walking. Knowledge about the amount of 
PA required, higher self-efficacy and social norms scores, and making active choices at work 
were associated with the highest quartile of recreational walking. These findings once again 
suggest, similarly to Chapter Four, that more distal variables from campaigns [McGuire, 1984; 
Cavill & Bauman, 2004 ] including intention and initial attempts at becoming more active are 
associated with PA, and these factors are an immediate precursor of PA behaviour  [Godin, 
1987; Rhodes & Plotnikoff, 2006]. Compared to the individual and social factors, relatively few 
environmental factors were associated with sufficient walking or being active. The type of 
neighbourhood dwelling predicted various types of walking, whereas having shops nearby and 
sidewalks on most streets were associated with a greater likelihood of walking for 
transportation. These particular relationships, however, do not necessarily hold when 
considering younger men and women independently, or when comparing older men and 
women independently.  
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When examining the socio-ecological model for younger men and women separately, there 
were similar general relationships with the individual factors with sufficient activity and walking 
for both sexes. Self-efficacy and social norms were important for both sexes for varying types 
of activities. Making active changes in their daily routine, and trying or observing a PA class 
were associated with being active for transport walking for both sexes. Intention to be active 
was associated with higher odds of activity for men but not for women. Reading about PA was 
associated with lower all-domain walking for men, whereas seeking advice from health 
professionals predicted lower all-domain walking among younger women. Interestingly, 
neighbourhoods with mixed dwellings predicted higher all-domain walking among men, but 
lower odds among women. For older adults, some relationships persisted for both genders, 
namely: higher self-efficacy and intention predicting sufficient PA; higher social norm scores for 
predicting all-domain walking; living in neighbourhoods with primarily high-rise apartments 
increasing walking for transportation; and the presence of crime lowering the odds of walking 
for transportation reasons. Despite these similarities, the Chapter describes considerable 
differences between older men and women in factors which increased or decreased the odds 
of PA and walking. Although overall relationships are important when considering a population 
approach for developing marketing or communications strategies for increasing active 
behaviour, the stratified models are also important to take into consideration when looking for 
more targeted strategies for particular groups.  
 
Research has indicated that the “visibility” of PA opportunities in certain areas may contribute 
to the social norms of that area, and may in turn potentially affect behaviour change [Giles-Corti 
& Donovan, 2002].  As the only social factors considered in this particular study, and given the 
role of social norms on walking and activity in this thesis, an approach which incorporates 
positive changes within communities can help promote changes in larger community 
populations, through the provision of cues, increased ‘visibility’ and readily available 
opportunities [Giles-Corti & Donovan, 2002]. Strategies and interventions, which aim to affect 
individual-level change, can work in conjunction with these wider changes to the social 
environment to increase activity levels. Interventions considering the multiplicity of factors at 
the individual, social, community, and environmental level may be the most effective for 
positive change, given the complex inter-relationship between these factors. Higher social norm 
scores in this thesis were associated with higher levels of walking (and in some cases for 
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activity overall) for younger and older men and women, especially in relation to all-domain 
walking. Stage-based individual interventions based on the TPB [Courneya et al., 2001] and 
marketing or communication strategies for promoting activity at a community or national level 
are warranted [Craig et al., 2010].  
 
The ecological model yields a key finding in this study. Looking at the factors together, along 
with their relative contribution in predicting PA level and sufficient walking, individual factors 
and the only social factors (social norms) may be more salient for predicting sufficient PA and 
walking than environmental factors. This replicates the findings of studies examining PA and 
walking [McNeill et al., 2006; Cleland et al., 2010; Ishii et al., 2010]. There are several plausible 
explanations for these findings.  
 
The presence of, and the dose-response relationship between many of the individual and the 
social factors with walking and activity, suggests that these factors may be more important 
considerations when trying to change the behaviour. This finding has also been found in other 
studies [Cleland et al., 2010]. Cleland and colleagues examined these factors for women (18 to 
45 years of age) living in socioeconomically disadvantaged neighbourhoods, and found that 
individual and social factors were most important for leisure time PA, whereas individual, social 
and neighbourhood factors were associated with transport related PA [Cleland et al., 2010]. 
However, the examination of environmental factors is limited when interpreting transport-
related findings. It was not stratified by location and as environmental characteristics may differ 
between types of neighbourhoods, in particular as it relates to transportation-related PA. 
Finally, it should be noted that the measures of neighbourhood environment included two items 
that could be classified as social norms, confounding the environment level measures with 
social level measures. These factors may skew the observed relationships, particularly in 
comparison to those obtained in this thesis. The findings in this thesis also replicate the 
findings of an earlier Canadian study [Pan et al., 2009], which used a similar ecological 
framework. Demonstrating that these relationships between factors and PA are stable is 
important from a policy perspective as it substantiates the need for multi-level (e.g., national 
communication strategies through local level provision of access to supportive facilities) and 
multi-sectoral (e.g., public health, education, transportation) strategies. Limitations with both the 
Pan et al. [2009] study and with this thesis are that they did not assess mediation between 
factors and therefore were not able to ascertain potential pathways between variables with the 
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outcome measures [Pan et al., 2009]. This is further discussed in Section 7.3 of this thesis. 
Also, Pan et al. [2009] did not examine the degree to which the addition of environmental 
factors improved the fit of the model. The analyses in Chapter Six, however, does expand on 
the research by Pan et al. [2009] by testing the relative contribution of individual, social and 
environmental factors in terms of the amount of variation explained by the various models and 
by exploring walking for varying purposes and by looking at particular sub-groups among the 
population. 
 
Findings from this Chapter indicated that very few environmental factors were associated with 
increases in walking and activity. Perhaps in countries that have prevalent opportunities, 
changing attitudes, perceptions of self-efficacy, control and intentions are essential overall and 
when targeting particular population groups. Indeed, based on findings in this Chapter and 
Chapter Four, Canadians generally do seem to provide positive ratings about the availability of 
opportunities supporting activity in their neighbourhood and, conversely, negative ratings about 
possible barriers, such as traffic and crime. Perhaps the skew in these responses of the 
prevalence of opportunities has reduced the ability to detect differences related to the NEWS 
environmental items within this thesis. For example, a multi-country study [Sallis et al., 2009] 
was designed to capture a greater range in these across countries than likely apparent in any 
one country in order to increase the variability of NEWS items and it found that most 
environmental characteristics were associated with an increased likelihood of sufficient PA; 
however, that study did not include individual level factors. In addition, it found a positive 
gradient between the number of positive environmental attributes and sufficient PA, however 
within Canada such a scale may have lower reliability. It may be that within countries, a finer 
grained measure of the perceived and objective measures of the actual physical environment 
are required to achieve sufficient variation (e.g., amount, distance to, and quality of supportive 
facilities).  
 
The strength of the 2007 PAM as a data source was that the survey content permitted the 
examination of the relationships of individual, social, and environmental factors to activity and 
walking behaviour. Despite the cross-sectional nature of the study precluding the ability to infer 
causal relationships, it is interesting to note the associations that appear that could be used to 
guide the conceptualization of longitudinal studies pertinent to the Canadian context. The 
Monitor was national in scope, and although cross-sectional, contributes to the knowledge base 
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when informing policy and practice related to PA. In addition, consistent questions and 
methodology on each of the Monitors over time allows the comparison of trend data by 
ensuring consistent findings. The individual factors were drawn from theory, and the 
environmental factors used a valid and reliable measure, namely, an abbreviated version of 
NEWS. The study did have certain limitations in that it relies on self-reported measures of a 
complex behaviour and was subject to recall error. The skew of the data may have reduced the 
ability to detect relationships between the measures and PA and walking. Nonetheless, the 
overall results with respect to the relative contribution of individual and environmental factors 
were consistent with earlier findings, which support the conclusion that ecological approaches 
to developing interventions and strategies are warranted. Given this, the results from these 
three Canadian studies are synthesized in Chapter Seven to provide overall conclusions and 
recommendations to guide such interventions and strategies. 
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Summary of Chapter Six 
 
Chapter Four explored intrapersonal factors associated with PA and walking, whereas Chapter Five delved into 
factors pertaining to the physical environment and their relationship with these two outcome behaviours. The 
purpose of Chapter Six is to take an ecological approach and combine these multiple factors, along with social 
factors, to explore the contribution of these to walking and PA more generally. Based on the findings of the 
literature summarized in this Chapter and findings from earlier Chapters of this thesis, it is hypothesized that 
intrapersonal factors will play an integral role in the model to predict PA and walking more so than environmental 
measures. 
 
This Chapter summarizes data from the 2007 Physical Activity Monitor, which was a random and nationally 
representative study of adults conducted in Canada. These measures are described briefly in this Chapter in terms 
of data treatment and analysis protocols. The key research questions in this Chapter investigate: 
 individual factors independently, by covariates, along with their association with PA and walking; 
 environmental-level factors, by covariates, along with their with their association with PA and walking 
 individual, social, and environmental factors predicting PA and walking; and, 
 individual, social, and environmental factors predicting PA and walking stratified by age and sex group. 
 
Unique to this Chapter is the exploration of walking for recreation and walking for transportation independently as 
the literature has shown that factors differ on the type of walking undertaken. 
 
First, individual factors varied by covariates. For example: more women, older, and higher educated adults held 
higher beliefs about the benefits of PA; more men, younger, and higher educated adults cited the highest level of 
self-efficacy; generally more women and those with higher levels of education had made attempts to become more 
active, whereas these types of attempts generally were less prevalent among older adults. Only one set of 
measures were used to assess the social environment, which is described as social norms supporting walking. 
Relatively more young adults and those with lower levels of education fell within the highest quartile of the social 
norms score. The individual and social factors were combined into one model to explore relative contribution to 
predicting PA and walking. Awareness of guidelines, higher scores of self-efficacy, social norms, and intention 
were associated with higher odds of meeting the sufficient PA criteria. Higher scores of self-efficacy, social norms, 
intention, and making active choices at work were associated with higher odds of sufficient all-domain walking. 
Many individual and social factors were also associated with higher levels of both recreational and transportation 
related walking.  
 
Similar to Chapter Five, a greater proportion of older individuals live in neighbourhoods with predominantly single 
family dwellings, whereas younger adults tend to report residing in mixed dwelling neighbourhoods (higher 
density). Other relationships include: more women, older adults, and those with lower levels of education agreed 
that neighbourhood crime made it unsafe to walk; relatively more young adults cited the availability of sidewalks; 
and fewer adults with a low level of education cited the availability of nearby transit stops and sidewalks on most 
streets. In terms of predicting PA and walking, living in neighbourhoods consisting of primarily high-rise 
apartments was associated with a lower likelihood of all-domain walking. Factors varied depending on the type of 
walking undertaken. For example, only one factor predicted walking for recreation (i.e., too much traffic was 
associated with lower odds of high recreational walking). A greater likelihood of achieving the high transport 
walking was seen among those who reside in mix-dwelling neighbourhoods and where there are many shops, 
stores, and other places within walking distance. Neighbourhood crime, however, was associated with lower odds 
of walking for transport. 
 
This Chapter differs from the previous two by taking a more ecological approach to understanding all of these 
factors where they were examined in one model to determine the relative contribution of each to PA and walking. 
Many individual factors were associated with both activity and walking: prompted awareness of guidelines 
predicted sufficient activity; living in mixed dwelling neighbourhoods and making active choices at work predicted 
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sufficient all-domain walking; knowledge, higher self-efficacy, higher social norm scores, and making active 
choices also predicted recreational walking. These findings suggest that more distal variables, which are used to 
plan and assess campaigns results, including intention and initial attempts at becoming more active were 
associated with PA or walking, and these factors are an immediate precursor of PA behaviour [Godin 1987; 
Rhodes & Plotnikoff, 2006]. Compared to the individual and social factors, relatively few environmental factors 
were associated with sufficient walking or being active. Specifically, the type of neighbourhood dwellings predicted 
various types of walking, whereas having many shops and stores nearby and sidewalks on most streets was 
associated with a higher quartile of transportation walking. These particular relationships, however, do not 
necessarily hold when considering younger men and women independently, or when comparing older men and 
women independently. The stratified models are also important to take into consideration when looking for more 
targeted strategies for particular group. This is a unique contribution of this Chapter, compared to earlier Chapters. 
  
Employing the ecological model yields a key finding in this study. Looking at the factors together, along with their 
relative contribution in predicting PA level and sufficient walking, individual factors and the only social factor 
examined (social norms) may be more salient for predicting sufficient PA and walking than environmental factors. 
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7.1 Concluding remarks 
 
This thesis revealed that both leisure-time PA and walking were related to a diverse range of 
factors at the individual and environmental levels in Canada. As with other complex behaviours, 
an individual’s decision to participate in PA is influenced by a multitude of factors. 
Consequently, in order to examine these behaviours in a comprehensive manner, and to affect 
change in behaviour, it is important to consider these together. As discussed in Chapter Two, 
several theoretical frameworks, which explain participation in PA, focus on the “individual”, 
including elements such as knowledge, attitudes, beliefs, and behaviour within an individual. 
Although these frameworks, such as the Theory of Planned Behavior or the Hierarchy of 
Effects model (factors included in these theories and models are covered in Chapters Two, 
Four, and Six) are commonly used, they do not necessarily take into consideration other factors 
which influence participation such as the social environment or the physical or built 
environment. It is theorized that individual behaviours are modified when an environment is 
supportive. As such, a socio-ecological model, which considers multiple factors, is useful in 
explaining behaviour, and is used in this thesis. These types of models assist in identifying 
factors that can help inform more effective policies or strategies to increase PA levels.  
 
Chapter Three described the methodological considerations of this thesis. It described public 
health surveillance surveys in Canada that are national in scope, including PA measures and 
correlates. Moreover, the Chapter explored the historical development of the PA measures and 
the specific measures used throughout the thesis. Chapter Four examined correlates at an 
individual level using the TPB as its theoretical basis and described the prevalence of these 
factors and the association between the individual factors with PA and walking. Chapter Five 
followed with an exploration of the environmental determinants and neighbourhood 
characteristics to explain PA and walking behaviours. Chapter Six took both Chapter Four and 
Chapter Five into consideration by further exploring the findings within a socio-ecological 
approach, the contribution of the individual, social, and environmental factors in predicting PA 
and walking.  
 
Supporting the main research hypothesis of this thesis, individual factors and social norms 
were found to be associated with sufficient PA and certain types of walking. The findings in 
Chapters Four and Six suggest that individual factors such as knowledge about the amount of 
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PA required for guidelines, self-efficacy, intention, and some trial behaviours are important 
correlates of PA and walking, and this is supported by other studies [McNeill et al., 2006; 
Maddison et al., 2009; Pan et al., 2009]. Findings in Chapters Five and Six, however, indicate 
that relatively few environmental factors were associated with sufficient walking (all domain and 
domain-specific) or sufficient PA. In general, these results support some findings in the current 
literature and our research hypotheses regarding the relationships between environmental 
factors and PA. More specifically, the relationship between high density neighbourhoods and 
higher rates of utilitarian walking [Saelens et al., 2003], and the relationship between 
convenient walking facilities (sidewalks, accessibility of destinations, perceptions about traffic) 
with various modes of walking are apparent [Owen et al., 2004]. Specifically, two reviews 
[Brownson et al., 2009; Saelens & Handy, 2008] concluded that residential density within a 
neighbourhood was consistently associated with walking for transport, and in this thesis, 
neighbourhood density was associated with transport walking in that adults living in 
neighbourhoods of mixed dwellings predict the highest quartile of transportation walking. There 
are some inconsistencies between the literature and the findings in this thesis. Saelens et al. 
[2008] found that walking for transport was associated with distance to non-residential 
destinations and that infrastructure such as the availability of sidewalks and their condition was 
less consistently related to walking for transport but was for recreational walking. Findings from 
one model in Chapter Six also found that proximity of many shops and the availability of 
sidewalks were associated with the highest quartile of walking for transport, but this was not 
significant for recreational walking. A review by Brownson et al. [2009] found that activity with 
different purposes is influenced by various aspects of the environment, which generally agrees 
with the findings of this thesis. 
 
The general lack of relationships between PA, walking, and self-reported environmental 
measures in this thesis may be explained, in part, by the generally high proportion of 
respondents that indicate the availability of opportunities supporting activity in their 
neighbourhood coupled with the low proportion indicating barriers, such as traffic and crime. 
This lack of variability may have reduced the ability to detect differences related to the 
environmental factors. Findings suggest that perhaps within countries like Canada, which are 
fortunate to have a relative abundance of support within the physical environment, more 
specific and detailed measures of the perceived and objective physical environment are 
required in order to achieve sufficient variation (e.g., amount, distance to, and quality of 
Chapter Seven – Conclusions and Recommendations 
 
Page 211 
 
supportive facilities). Other research has hypothesized that individual level interventions may 
be more effective when the environment is high in resources and low in barriers [King et al., 
2006; Kerr et al., 2010].  
 
Chapter Six examined individual, social, and environmental items within an ecological 
framework. The findings from Chapter Six suggest that individual factors may be more relevant 
for predicting activity and walking than environmental factors, or at least should be considered 
in their inter-relationship with environmental factors when developing environment-based 
interventions. This finding confirms the first research hypothesis of this study and replicates the 
findings of an earlier Canadian study examining leisure-time PA [Pan et al., 2009] which used a 
similar ecological framework. Demonstrating that these relationships between factors and PA 
are stable is important from a policy perspective as it substantiates the need for multi-level 
(e.g., national communication strategies through local level provision of access to supportive 
facilities) and multi-sectoral (e.g., public health, education, transportation) interventions. 
Indeed, demonstrating the continuing relationship between individual factors and PA from the 
2003 PAM was one reason that ParticipACTION, Canada’s national social marketing agency 
for PA, was re-established in 2007 [Tremblay et al., 2009]. Furthermore, this thesis expands 
the work of Pan and colleagues [2009] by extending the results from considering only LTPA to 
overall PA across all domains and by examining walking behaviour in Canada. The extension 
to examine walking specifically is important as messages in the Canadian guidelines 
emphasized starting slowly and building up the amount of PA to reach a sufficient amount, and 
walking was frequently promoted as an activity that everyone could do to accomplish this. 
Additional counselling materials focused on identifying barriers (e.g., time constraints) and 
overcoming them (e.g., national campaigns promoting active commuting such as walking under 
the national Commuter Challenge1 and Winter Walk Day2). One would, therefore, expect to see 
a link between the factors in the ecological model and walking as was found to be the case in 
this thesis. This finding is consistent with relationships that have been observed previously by 
other studies examining PA and walking [Giles-Corti et al., 2002; McNeill et al., 2006; Cleland 
et al., 2010]. One explanation of this finding may be that perceptions of the neighbourhood go 
through a filtering process based on personal characteristics or a cognitive-environmental 
interaction. For example, some studies have found that environmental factors were mediated 
                                                 
1 http://commuterchallenge.ca/ (accessed May 31, 2014) 
2 http://www.participaction.com/february-5-is-winter-walk-day/ (accessed May 31, 2014) 
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by attitudes and intention [Rhodes et al., 2006; Rhodes et al., 2007]. Therefore, although the 
inter-relationship between individual factors, social factors and the built environment are 
important, understanding individual factors are critical for determining strategies and 
interventions to modify behaviours, and to promote PA among certain populations with 
traditionally lower levels of activity. To illustrate, strategies to change individual behaviours 
involve modifying intra-personal characteristics such as knowledge, attitudes, beliefs, and 
feelings of control, as described by the Theory of Planned Behavior and the Hierarchy of 
Effects model in Chapter Two.  In addition, societal changes can be modified by public 
awareness and education [Sallis, 1998] and changing social norms.  Sallis [1998] suggests that 
strategies focusing on the built environment should be put in place before educational or 
awareness interventions; for example, social marketing campaigns encouraging people to walk 
may not be as effective if there are no or poorly maintained walking paths or where safety is an 
issue. The next section summarizes the key findings from this thesis, and based on the current 
literature on interventions, recommendations are made for further work which aims to increase 
overall PA levels and walking. 
 
7.2 Recommendations for consideration 
 
As described in Chapter One, the World Health Organization endorsed a global strategy and 
action plan for the prevention and control of non-communicable diseases (NCDs), while 
recognizing physical inactivity as one of the key determinants of NCDs [WHO, 2008]. This plan 
recommended the development and implementation of national guidelines for PA, along with 
interventions for active transportation policies and ensuring supportive physical environments 
[WHO, 2010]. National guidelines are seen as important for informing policies and 
interventions, for the purpose of  
 establishing goals and objectives,  
 establishing PA promotion and communication initiatives,  
 providing a framework and evidence-based document, and  
 facilitating national surveillance and monitoring to monitor population levels of PA. 
 
Canada had established national guidelines for PA in 1998, 1999, and 2002, and then revised 
these guidelines based on existing literature in 2011 [Tremblay et al., 2011]. In addition, 
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Canada is relatively unique (besides Finland) in having a long-history of PA surveillance [Kohl 
et al., 2012], as described in detail in Chapters One and Three. The evidence provided by the 
surveillance system, along with the national guidelines which were established based on the 
literature, and provided the necessary foundation to establish benchmarking indicators as a 
baseline on which to develop goals and objectives. The ongoing consistency in methodology 
and the annual collection of data within the surveillance system permits the assessment of the 
progression of these goals. Despite early trends showing increases in activity levels, later data 
showed that since about 2003, there has been a general plateau of activity levels in Canada 
[Craig et al., 2004]. Findings from this thesis are important for providing further evidence about 
the underlying factors associated with sufficient PA and walking to help inform strategies and 
interventions that can contribute to increasing activity levels and walking within the Canadian 
population. Given the popularity of walking among the population [Cameron et al., 2007], an 
obvious choice of activity to incorporate into this type of strategy or intervention would be 
increased walking (and therefore activity levels). The promotion of walking is generally 
applicable among virtually all segments of the population, particularly those least active, due to 
its ease, convenience, and its ability to be undertaken for a variety of purposes.  Walking is, 
therefore, the focus of the recommendations in this section. 
 
Reviews of walking interventions [Ogilvie et al., 2007; Williams et al., 2008; Bird et al., 2013] 
found that certain components of interventions have been useful in increasing walking. It was 
suggested from the Williams review that prescribing moderate intensity walking for 5 to 7 days 
per week in either single or multiple sessions, and applying theory based interventions, should 
be considered [Williams et al., 2008]. This is consistent with other recommendations on the 
amount of walking required for health [Boone-Heinonen et al., 2009]. In this review, Williams 
and colleagues found some initial evidence that telephone prompts to increase walking 
behaviour may be useful among some groups, but they express that more research is required 
[Williams et al., 2008]. A systematic review underscored the importance of prompts for self-
monitoring and building intention in increasing walking [Bird et al., 2013]. As an example 
provided in this review, the use of pedometers or phone apps may be one way of self-
monitoring walking behaviours [Merom et al., 2007; Bird et al., 2013], whereas another review 
found less consistent findings [Williams et al., 2008], suggesting further research on the use of 
devices for self-motivation is warranted. These are suggestions for further research, as caution 
in reviews cite differences in varying characteristics of the sample, size of sample, age of 
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participants, study design, type of measures, and lack of international data provide limitations. 
One intervention study cited in the review that was successful for increasing walking combined 
mass media with an individualized approach (e.g., face-to-face approach such as a worksite 
and physician based programs, public relations) and could be considered for increasing 
walking at a population level [Reger-Nash et al., 2005; Williams et al., 2008]. This idea is 
further examined below. 
 
Such multi-prong strategies require the understanding and incorporation of theory-based (such 
as the Theory of Planned Behavior) elements for well-developed communication campaigns 
when promoting healthy behaviours, including PA. The elements comprising the Hierarchy of 
Effects Model [McGuire, 1984; Cavill & Bauman, 2004], which was developed for the purpose 
of campaign development and evaluation, contains factors that are very consistent with the 
Theory of Planned Behavior. This model suggests that a cascading series of effects from 
immediate impacts (awareness) to more proximal and distal impacts (i.e., increased 
knowledge, saliency, attitudes, beliefs, self-efficacy, and intention) to longer term effects (e.g., 
trial of PA and maintenance of activity) are involved in promoting behaviours through 
campaigns.  Community campaigns or mass media campaigns are interventions used to 
encourage population-level behaviour change. A review of the literature by Cavill [1998], found 
three studies examining the effectiveness of mass media usage in national health promotion 
campaigns encouraging PA. These studies showed limited short-term behaviour change, but 
influenced knowledge and attitudes towards PA [Cavill, 1998]. Mass media campaigns are 
useful for increasing awareness; however, a tailored approach at an individual level may be 
more useful for changing the behaviour factors and initiating the first steps for behaviour 
change. This may assist health promoters by providing the necessary information required in 
order to tailor their promotional, educational, or communication strategies to help engage these 
populations to become more active. In a 2007 review, Ogilvie and colleagues found that 
interventions that tailored their approach to suit needs of participants and delivered at 
individual, household or group levels were more likely to increase walking [Ogilvie et al., 2007]. 
Examples of these can be face-to-face advice within the workplace or by clinicians, education 
sessions, or telephone and internet delivery of interventions [Ogilvie et al., 2007]. Pratt and 
colleagues reviewed internet-based physical activity trials and found that web-based 
interventions indicate small but positive effects, but few are theoretically based [Pratt et al., 
2012].  In addition, Ferney and colleagues [2009] explored in a pilot study an ‘ecological’ 
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approach to focus on walking within a specific setting (that is, the neighbourhood) among 
inactive, middle-aged adults. The study, a 26-week randomized trial, found that a local 
neighbourhood environment-focused activity website was more effective than a motivational 
information-based website. The focused website content was based on an ecological model of 
individual and environmental influences for both PA and walking, was interactive, and included 
eleven areas of content (i.e., ‘fact sheets’ emphasizing strategies, activity examples, links to 
websites, self-monitoring tools, searchable database of opportunities for PA, an event calendar, 
a walking trails map, suburb profiles, personalized email advice, bulletin board, and 
informational ‘news’ items) [Ferney et al., 2009]. The comparison website had minimal 
interactivity with non-individualized emailed information on cognitive or behavioural strategies 
[Ferney et al., 2009]. Results found that the ‘neighbourhood group’ had increased unprompted 
recall, felt that the website would help them be more active, recalled emails, and logged in 3 
times more likely to the website [Ferney et al., 2009].   Although there were differences in PA in 
the ‘neighbourhood’ group and this increase was maintained to the end of the treatment, there 
were no within or between differences with the motivational group. Despite limitations with the 
study including the inability to determine whether other extraneous factors influenced the study 
(such as seasonal variation, the higher rates of PA at baseline among the motivational group, 
the study took place in a highly walkable neighbourhood, a relatively small sample size,  and 
the relatively limited research in the area), the use of the internet and various other 
communications technology for public education and increased public awareness certainly 
warrants further investigation. A combination of approaches, therefore, may be considered—
community wide campaigns or mass media in combination with individual-based interventions.  
 
The use of a combination of approaches should move beyond individual-based approaches 
towards a multi-level or broader ecological approach incorporating the complex inter-
relationship between individual, social, and physical environment factors. Giles-Corti and 
colleagues [2005] stress the need to use ecological models for understanding the factors 
influencing PA. In addition, these researchers discuss the need to look at the behaviour of 
walking in a variety of contexts [Giles-Corti et al., 2005]. They suggest that the predictive ability 
of ecological models may be improved if the measures match the behaviour and the setting of 
the behaviour. One example of this may be the appropriateness of measuring certain 
environmental measures in predicting walking for transport and walking for recreation 
separately.  To address this issue, Chapter Six explored all-domain walking, recreational 
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walking, and walking for transport. A key finding from this thesis showed individual factors as 
important correlates of PA and various types of walking, whereas relatively few environmental 
factors were associated with specific walking and activity. Notably, the highest quartile of 
walking for transport was associated with the proximity of shops and sidewalk availability, yet 
was not significant for recreational walking. This is a finding that has also been observed in 
other literature [Giles-Corti et al., 2003; McCormack et al., 2011]. Two of the recommendations 
from the WHO NCD prevention plan were the inclusion of interventions for active transportation 
policies and ensuring supportive physical environments, and data from this thesis indicate a 
relationship between transport walking and an environment that supports active transportation. 
Hallal and colleagues [2012] provide a summary of the prevalence of active transportation in 
several countries and report prevalence of walking or bicycling to work was very low in North 
American countries. In countries with higher rates of active transportation, such as Denmark, 
there has been a considerable evolution of supportive infrastructure over the past two decades 
which have resulted in a substantial increase in participation (that is, a 50% increase in 
Denmark) [Hallal et al., 2012]. Understanding the development of policies and a supportive 
infrastructure in countries that demonstrate higher rates of active transportation may be an 
effective way of increasing the currently low prevalence rates which are seen in Canada.  
 
Given the finding in the thesis that initial steps related to changes in activity at the workplace 
were associated with walking, promoting initial steps or point-of-decision prompts for active 
transportation to work may be an effective way to increase the proportion meeting 
recommended levels of activity [Centers for Disease Control and Prevention, 2002]. Signage 
motivating individuals to take the stairs rather than elevators or escalators, signage on public 
transportation encouraging riders to exit public transit one or two stops earlier and walking the 
remaining distance are examples of these types of prompts [Giles-Corti et al., 2003]. Clearly, 
however, based on the findings in Chapters Five and Six, characteristics that are supportive 
within the built environment increase the likelihood of walking for the purpose of transport, 
therefore, ensuring these exist prior to such a promotional campaign would be necessary.  
 
Based on surveys conducted within Canadian communities, environmental supports such as 
the provision of multi-purpose trails (particularly among trails that do not permit motorized 
vehicles), designated bicycle lanes, and supports for active transportation on public transit 
(such as bicycle racks) has increased considerably in recent years [Canadian Fitness and 
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Lifestyle Research Institute, 2010]. Moreover, given that environmental conditions are generally 
favourable to PA and prevalent in Canada, policy efforts should focus on ensuring that this 
remains the case during urban development and renewal. Despite the above advances in 
environmental infrastructure in Canada, it still appears that policy in this area is lacking. Based 
on a fairly recent survey of Canadian communities, relatively few communities have policies 
requiring safe pedestrian and bicycle routes when developing new areas (19%), reconstructing 
roads (15%), and retrofitting existing communities (10%) [Canadian Fitness and Lifestyle 
Research Institute, 2010]. Indeed, given the general shift in development plans for land use to 
greater distance between destinations and urban sprawl [McCormack & Shield, 2011] and the 
negative association of this with PA and health [Frumkin, 2002; McCormack & Shield, 2011], 
urban sprawl  will become an important consideration for Canadian communities when 
determining policies regarding land development. Therefore, despite the relatively more 
important influence of individual factors in explaining current PA and walking levels, a multi-
sectoral approach will become increasingly important in addressing environmental trends and 
environmental influences on these behaviours in the future.  
 
Many professionals and policy-makers have a major role in implementing the types of 
interventions outlined above. The following table summarizes some of the implications of the 
major findings in this thesis to guide policy and strategic actions by those working in public 
health, recreation, municipal/city planning, education, transportation and research. 
 
Table 7.1 Implications of selected findings for policy, practice and research  
Audience Findings Implication 
Policy makers  
  
Prompted awareness, self-efficacy, 
intention and certain trial 
behaviours predict activity (Chapter 
Six). 
Mass media campaigns are still 
required and could focus more on 
increasing knowledge on the 
amount of PA required than on 
knowledge about the benefits of PA. 
Certain trial behaviours (such as the 
importance of making active 
choices) should be featured as 
ways to increase walking. These 
campaigns should be coupled with 
community strategies to increase 
walking and PA. 
Policy makers  Certain population groups are 
concerned about traffic (Chapter 
Five). 
Neighbourhood audits are required 
to determine where traffic issues 
may be reducing walking. Traffic 
calming measures could then be 
introduced to reduce the impact of 
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traffic speed and volume. This 
would also benefit cyclists in 
addition to pedestrians.  
Policy makers Concerns about neighbourhood 
crime are associated with lower 
amounts of walking (Chapter Five). 
Women and older adults should be 
consulted (e.g., in focus groups) 
about areas of the city that they feel 
are of particular concern. Solutions 
such as increased street lighting, or 
developing buddy systems should 
be considered. In addition, zoning 
could specify that houses should 
have porches and windows rather 
than garages facing the street 
(“eyes on the street”) to increase 
feelings of safety.  
Policy makers and coalitions 
concerned with increasing PA 
The specific factors that predict 
overall PA and walking differ to 
some extent by age-sex group 
(Chapter Six). 
Strategies and programs should be 
tailored to take into account the 
differences in factors influencing PA 
levels and walking among different 
segments of the population.  
Specific interventions could include 
be face-to-face counselling at the 
workplace or telephone and internet 
delivery of stage-based materials. 
Educators Knowledge of amount of PA 
required, intention and certain trial 
behaviours predict walking and PA 
(Chapter Four). 
Physical and health education 
classes should teach youth and 
young adults the amount of PA 
required for health, self-monitoring 
methods and how to overcome 
barriers as means of increasing 
knowledge, and intention to be 
active.  
Researchers Knowledge of amount of PA 
required predicts PA and walking 
(Chapter Four). 
As the research continues into the 
amount of PA required for health 
benefits, researchers should 
periodically systematically review 
the literature and update guidelines 
as necessary.   
Researchers Individual factors may be more 
relevant for predicting activity and 
walking than environmental factors 
(Chapter Six). 
Further research is needed to 
understand PA and walking 
behaviour in a variety of contexts 
and within an ecological framework 
(e.g., relative efficacy of workplace 
efforts to increase motivation to 
walk to work versus the addition of 
safe pedestrian and bicycle routes 
when developing new areas). 
   
   
  
 
 
 
Chapter Seven – Conclusions and Recommendations 
 
Page 219 
 
7.3 Strengths and Limitations 
 
One key limitation of the studies analysed in this thesis is the potential of bias in the use of the 
measures in the survey. Although this is discussed in more detail in section 3.5.5, a brief 
overview will also be provided here.  
 
Given the limitations of findings found in Chapter Four and Six, and the literature in Chapter 
Two, consideration of the use of objective measures or the use of GIS measures in future 
studies could be explored independently or in conjunction with the subjective measures of the 
perceived environment. These types of measures include population density, mixture of land 
use including the distance between residential and non-residential land use, counts of 
destinations, street pattern, access to recreational facilities within the neighbourhood, 
availability of open or green spaces, aesthetic value, traffic, crime, and sidewalk availability 
along with objective measurements of the surrounding neighbourhood and environment. 
Although relatively costly for population monitoring, the detail provided by these measures may 
assist in clarifying relationships within environments that are considered “rich” in environmental 
supports, as is the case in the Canadian context. It must be recognized, however, that there 
are limitations in collecting GIS measures in addition to the cost involved, such as the 
differences in the researcher’s definition of neighbourhood and that of individual’s perception of 
what area constitutes their neighbourhood [Smith et al., 2010]. Moreover, the data can be time 
consuming to analyse, and there is no standardization of processes [Brownson et al., 2009]. In 
addition, Cochrane et al. suggests that it is important to consider the scale of the area being 
explored, which can reduce the ability to determine associations between an individual and 
their immediate environments [Cochrane et al., 2009]. Findings may be variable based on the 
buffer size used in the measurement of the environment [Brownson et al., 2009].  
 
The PAM studies are limited in that they rely on self-reported measures of a complex behaviour 
(PA) which is subject to recall error. The adapted MLTPAQ used in Chapter Six has an 
acceptable test-retest reliability and criterion validity [Craig et al., 2002], however, it is based on 
self-report data, which may not accurately represent PA compared to if measure by a direct 
measure of PA. The measure of physical activities includes a long recall period of 12 month, 
which may be difficult for participants to accurately recall. The measure is restricted to LTPA, 
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and as such does not provide a comprehensive measure of PA. In addition, the question list is 
long, therefore, is subject to response burden. The strength of the measure is its consistent use 
over time for the purposes of surveillance allowing for comparisons of the measure over time, 
as the potential biases inherent with the measure is likely to be non-differential over time [Craig 
et al., 2004]. 
 
The IPAQ was introduced to the study in order to provide a more comprehensive, all-domain 
measure of physical activity. It is, however, based on self-report data which may not 
necessarily be comparable to a direct measure of PA. IPAQ tends to over-estimate the level of 
PA even when compared to other self-report measures, although these are typically single 
domain measures [Bauman et al., 2009]. The reliability and validity of this measure has been 
investigated in an international context and has been considered acceptable for population 
surveillance [Craig et al., 2003]. 
 
In addition, given Canadian trends over time in PA [Craig et al., 2004], there is the potential 
response or social desirability bias regarding PA, or decreasing response rates contributing to 
differential non-response bias in estimates over time [Craig et al., 2009; Katmarzyk et al., 
2007]. However, Craig and colleagues examined this using the PAMs and found no significant 
impact on PA estimates due to differential non response rates [Craig et al., 2009].   
Furthermore, the skew of the data may have reduced the ability to detect relationships between 
the measures and PA and walking, and be considered a limitation of this study.  Other 
limitations of the measures have been previously discussed in Chapter Three. 
 
There are also a number of potential sample related biases with these studies, including lack of 
complete coverage due to the emergence of cell phone use. The impact of increasing rates of 
cell phone usage among young people and the number of houses using cell phones rather than 
landlines is a potential limitation. In the U.S., the percentage of households increased from less 
than 1% in 2000 to over 6% by 2004 [Tucker et al., 2007] and to almost 13% by 2009. Ehlen 
and Ehlen predicted that by 2009, 40% of adults less than 30 years old in the United States 
would own only cell phones [Ehlen & Ehlen, 2007]. A study comparing cell phone and landline 
survey results found that under-coverage of this group did not pose a problem for overall 
population estimates based solely on landline data provided that the characteristics of the two 
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groups were similar [Brick et al., 2007]. The incidence of this has not risen as quickly in 
Canada, however, may have considerations on future surveys.  
 
This thesis provided an exploratory analysis of cross-sectional data in order to inform policy 
and guide the development of future prospective and intervention research. As such, the 
models do not take into account interactions (or effect modifications) between variables, which 
can be considered a limitation. Further investigation exploring these interactions of the 
intrapersonal, social, and environmental factors would provide additional information to add to 
the literature base regarding an ecological approach to walking and PA behaviours. 
 
Strengths of the PAM, and the broader Monitoring Program, is that the survey content permits 
the examination of the relationships of factors associated with PA levels and walking 
behaviours, and determination as to whether these differed between population groups. Similar 
questions on PAMs and the ongoing consistency in methodology over time, and the annual 
collection of data within the Canadian surveillance system permits a comparison of trend data 
to ensure consistent findings, which are essential to inform the judicious investment of scare 
resources and assess progress in changing the factors that influence PA.  
 
An additional strength lies in the national scope of the PAMs. Although the studies, themselves, 
are cross-sectional, they contribute to the evidence base for informing policy and practice 
related to PA and walking. The factors are drawn from theory, and some of the environmental 
factors use a valid and reliable measure. Findings from this thesis are important for providing 
further evidence about the underlying factors associated with sufficient PA and walking to help 
inform strategies and interventions that can contribute to increasing activity levels and walking 
within the Canadian population. For example, the findings suggest that mass media 
interventions continue to be important and should focus on both proximal factors (knowledge of 
the amount of PA required) and more distal factors (building intention and providing examples 
of trial behaviours) and that traffic calming policies are a key element in encouraging walking. 
This research also expands on other Canadian studies, by exploring an ecological approach 
not only to PA, but to all-domain, recreational, and transportation related walking, for the 
population and sub-populations.  
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7.4 Summary 
 
The findings form this thesis are consistent with the results of an earlier Canadian study 
focusing solely on leisure-time PA, but extend its finding to all domain PA and to walking 
specifically. Understanding the individual and environmental factors associated with walking is 
particularly important as walking is popular, convenient, low cost and can be performed into 
older age [Morris, 1997].   Results from the studies presented in this thesis clearly demonstrate 
that individual factors may be more pertinent than environmental factors in explaining PA and 
walking patterns in Canada. Nonetheless, environmental infrastructure is an important 
consideration when developing mass communication and community-wide interventions so that 
the interventions respect the environmental context in which individuals live, work and 
commute. Furthermore, at least part of the reason that environmental factors were not found to 
be as important overall as individual factors, may be the lack of variability observed in the 
environmental measures. Given the shift towards urban sprawl in Canada, as elsewhere, 
environmental policies may become increasingly important as a focus in community-wide 
interventions. Therefore, the broader ecological approach employed in the last investigation of 
this thesis was important in understanding the relationship of individual and environmental 
factors to current PA and walking patterns of Canadians. In addition, it was also important in 
framing mass communication and community-wide interventions to increase population levels 
of sufficient walking and PA in the future.  
 
 
 
  
References 
 
Page 223 
 
References 
 
Ainsworth BE, Haskell WL, Leon AS, Jacobs DR, Montoye, HJ, Sallis JF, Paffenbarger RS. 
Compendium of Physical Activities: Classification of energy costs of human physical activities. 
Med Sci Sports Exerc. 1993; 25(1): 71–80.  
Ainsworth B, Sallis JF, Jones DA, Reis J, Addy CL, Macera CA, Kohl BW. Associations 
between neighborhood environment characteristics and PA: Results from a U.S National 
survey. 2005, June; ACSM Annual Meeting. 
Ajzen I, Fishbein M. Understanding attitudes and predicting social behavior. Englewood Cliffs, 
NJ: Prentice-Hall, 1980. 
Azjen, I. From intentions to actions: A theory of planned behavior. In J. Kuhl. & J. Beckman 
(Eds.), Action-control: From cognition to behavior. Heidelberg: Springer. 1985: p 11-39. 
Ajzen I. Attitudes, personality, and behavior. Chicago: Dorsey Press, 1988. 
Ajzen, I. The theory of planned behavior. Organizational behavior and human decision 
processes. 1991; 50: p179-211. 
Armitage, CJ. Can the Theory of Planned Behavior predict the maintenance of physical 
activity? Health Psychol. 2005; 24(3):235-245. 
Armitage C, Sprigg C. The roles of behavioral and implementation intentions in changing 
physical activity in young children with low socioeconomic status. J Sport Exerc Psychol.  2010; 
32:359-376. 
Bandura A. Self-efficacy: towards a unifying theory of behavioral change. Psych Review.1977a; 
84:191-215. 
Bandura A. Social learning theory. Englewood Cliffs, NJ: Prentice-Hall, 1977b. 
References 
 
Page 224 
 
Bandura A. Social foundations of thought and action: a social-cognitive theory. Englewood 
Cliffs, NJ: Prentice-Hall. 1986. 
Bandura A. Social cognitive theory: An agentic perspective. Annu Rev Psychol. 2001 Feb; 
52(1):1-26. 
Bassett DR, Thompson DL, Crouter SE.  Urban travel modalities and obesity prevalences in 
Europe and North America. ACSM Annual Meeting. June 2005. 
Bassett, DR Jr, Pucher J, Buehler R, Thompson, DL, Crouter, SE. Walking, cycling, and 
obesity rates in Europe, North America, and Australia. J Phys Act Health. 2008 Nov; 5(6):795-
814. 
Bauman A, Madill J, Craig CL, Salmon A. ParticipACTION: this mouse roared, but did it get the 
cheese? Can J Appl Physiol. 2004; 95 (Suppl 2): S14-9. 
Bauman, A. The physical environment and physical activity: moving from ecological 
associations to intervention evidence. J Epidemiol Community Health. 2005; 59:535-536. 
Bauman A, Craig CL, Cameron C.  Low levels of recall among adult Canadians of the 
CSEP/Health Canada physical activity guidelines. Can J Appl Physiol. 2005; 30(2):246-252. 
Bauman A, Smith BJ, Maibach EW, Reger-Nash B. Evaluation of mass media campaigns for 
physical activity. Eval Program Plann. 2006, 29(3):312-322. 
Bauman A, Bowles HR, Huhman M, Heitzler CD, Owen N, Smith BJ, Reger-Nash B, Testing a 
hierarchy-of-effects model: pathways from awareness to outcomes in the VERB campaign 
2002-2003. Am J Prev Med. 2008 Jun; 35 (6 Suppl):S249-56. 
Bauman A, Ainsworth BE, Bull F, Craig CL, Hagströmer M, Sallis JF, Pratt M, Sjöström M. 
Progress and pitfalls in the use of the International Physical Activity Questionnaire (IPAQ) for 
adult physical activity surveillance. J Phys Act Health. 2009;6 Suppl 1:S5-8. 
References 
 
Page 225 
 
Bauman A, Bull F, Chey T, Craig CL, Ainsworth BE, Sallis JF, Bowles HR, Hagstromer  M, 
Sjostrom M, Pratt M, IPS Group. The International Prevalence Study on Physical Activity: 
results from 20 countries. Int J Behav Nut Phys Act. 2009 March 31; 6(1):21. 
Benjamin K, Edwards NC, Bharti VK. Attitudinal, perceptual, and normative beliefs influencing 
the exercise decisions of community-dwelling physically frail seniors. J Aging Phys Act. 2005; 
13(3):276-293. 
Bird EL, Baker G, Mutrie N, Ogilvie D, Sahlqvist S, Powell J. Behavior change techniques used 
to promote walking and cycling: A systematic review. Health Psychol. 2013 August; 32(8): 829-
838. Published online 2013 March 11. 
Blanchard CM, McGannon KR, Spence JC, Rhodes RE, Nehl E, Baker F, Bostwick J. Social 
ecological correlates of physical activity in normal weight, overweight, and obese individuals. 
Int J Obes (London). 2005 June; 29(6):720-6. 
Blanchard C, Fisher J, Sparling P, Nehl E, Rhodes R, Courneya K, Baker F. Understanding 
physical activity behavior in African American and Caucasian College students: An application 
of Theory of Planned Behavior. J Am Coll Health. 2008; 56(4):341-346. 
Bland JM, Altman DG. Statistics Notes: Cronbach’s Alpha. BMJ. 1997 Feb 22; 314:572. 
Blue C. The predictive capacity of the Theory of Reasoned Action and the Theory of Planned 
Behavior in exercise research: An integrated literature review. Res Nurs Health. 1995; 18:105-
121. 
Bolivar J, Daponte A, Rodriguez M, Sanchez JJ. The influence of individual, social, and 
physical environment factors on physical activity in the adult population in Andalusia, Spain. In 
J Environ Res Public Health. 2010; 7:60-77. 
Boone-Heinonen J, Evenson KR, Taber DR, Gordon-Larsen P, Walking for prevention of 
cardiovascular disease in men and women: a systematic review of observational studies. Obes 
Rev. 2009 March; 10(2):204-217. Published online 2008 Dec 10. 
References 
 
Page 226 
 
Brick M, Dipko S, Presser s, Tucker C, Yuan Y. 2006. Nonresponse bias in a dual frame 
sample of cell and landline numbers. Public Opinion Quarterly. 2006; 70(5 Special Issue):780-
793. 
Brownson RC, Chang JJ, Eyler AA, Ainsworth BE, Kirtland KA, Saelens BE, Sallis JF. 
Measuring the environment for friendliness toward physical activity: a comparison of the 
reliability of 3 questionnaires. Am J Public Health. 2004; 94:473-483. 
Brownson RC, Hoehner CM, Day K, Forsyth A, Sallis JF. Measuring the built environment for 
physical activity: State of the science. Am J Prev Med. 2009 April; 36(4suppl):S99-123. 
Cameron C, Craig CL. Increasing physical activity: building active workplaces. Canadian 
Fitness and Lifestyle Research Institute: Ottawa, Ontario. 2004. 
Cameron C, Craig CL, Paolin S. Increasing physical activity: trends for planning effective 
communication. Canadian Fitness and Lifestyle Research Institute: Ottawa, Ontario. 2005. 
Cameron C, Craig CL, Paolin S. Local opportunities for physical activity and sport: trends from 
1999–2004. Canadian Fitness and Lifestyle Research Institute: Ottawa, Ontario. 2005b. 
Cameron C, Craig CL, Bull FC, Bauman A. Canada’s physical activity guides: has their release 
had an impact? Can J Public Health. 2007a; 98 Suppl 2:S161-9. 
Cameron C, Wolfe R, Craig CL. Physical activity and sport: Encouraging children to be active. 
Ottawa, ON: Canadian Fitness and Lifestyle Research Institute: Ottawa, Ontario. 2007b. 
Canadian Fitness and Lifestyle Research Institute. 1995 Survey methodology. Progress in 
Prevention Series. Author: Ottawa, Ontario. 1996. 
Canadian Fitness and Lifestyle Research Institute. Methodology. Changing the Canadian 
Landscape…one step at a time Bulletin Series. Results of the Physical Activity Monitor 2007. 
Author: Ottawa, Ontario. 2008. 
References 
 
Page 227 
 
Canadian Fitness and Lifestyle Research Institute. Physical activity levels of Canadians. Let’s 
Get Active! Planning Effective Communication Strategies. 2008 Physical Activity Monitor: Facts 
and Figures Bulletin Series, Bulletin #2. Ottawa, ON: Author. 2009. 
Canadian Fitness and Lifestyle Research Institute. Policies, infrastructure, and services 
supporting physical activity. Municipal opportunities for physical activity - 2009 Survey of 
physical activity in Canadian Municipalities: Facts and Figures Bulletin Series. Bulletin 10. 
Author: Ottawa, Ontario. 2010. 
Cavill N. National campaigns to promote physical activity: can they make a difference? Int J 
Obes Relat Metab Disord. 1998 Aug; 22 suppl 2:S48-51. 
Cavill N, Bauman A. Changing the way people think about health-enhancing physical activity: 
do mass media campaigns have a role? J Sports Sci. 2004; 22:771-790. 
Centers for Disease Control and Prevention. Increasing physical activity: A report on 
recommendations of the Task Force on Community Preventive Services. MMWR. 2002; 50 
(RR-18):1-18. 
Centers for Disease Control and Prevention. 2012 Summary Data Quality Report. 2012 
BRFSS. [Online] Available from: cdc.gov/brfss (accessed May 26, 2014). 
Centers for Disease Control and Prevention. 2011-12 NHANES. [Online] Available from: 
ftp.cdc.gov/pub/Health_statistics/NCHS/NHANES/Response_Rates_CPS/rrt1112.xlsx 
(accessed May 26, 2014). 
Cerin E, Leslie E. How socio-economic status contributes to participation in leisure-time 
physical activity. Soc Sci Med. 2008 June; 66(12):2596-609. 
Cerin E, Conway TL, Saelens BE, Frank LD, Sallis JF. Cross-validation of the factorial structure 
of the Neighborhood Environment Walkability Scale (NEWS) and its abbreviated form (NEWS-
A). Int J Behav Nut Phys Act. 2009;6:32.  
References 
 
Page 228 
 
Cerin E, Leslie E, Owen N. Explaining socio-economic status differences in walking for 
transport: an ecological analysis of individual, social, and environmental factors. Soc Sci Med. 
2009 Mar; 68(6):1013-20 Epub 2009 Feb 3. 
Choi, BCK. Computer assisted telephone interview (CATI) for health surveys in public health 
surveillance: methodological issues and challenges ahead. Chronic Dis Can. 2004; 25(2)  
Cleland V, Ball K, Hume C, Timperio A, King AC, Crawford D. Individual, social, and 
environmental correlates of physical activity among women living in socioeconomically 
disadvantaged neighbourhoods. Soc Sci Med. 2010 Jun; 70(12):2011-9. Epub 2010 Mar 16. 
Cochrane T, Davey RC, Gidlow C, Smith GR, Fairburn J, Armitage CJ, Stephansen H, Speight 
S. Small area and individual level predictors of physical activity in urban communities: A multi-
level study in Stoke on Trend, England. Int J Environ Res Public Health. 2009; 6:654-677. 
Conn VS. Older women’s beliefs about physical activity. Public Health Nurs. 1998; 15(5):370-
378. 
Conn VS, Tripp-Reimer T, Maas ML. Older women and exercise: Theory of planned behavior 
beliefs. Public Health Nurs. 2003; 20(2):153-163. 
Corti B, Donovan RJ.  The relative influence of individual, social and physical environment 
determinants of physical activity. Soc. Sci Med. 2002; 54:1793-1812. 
Cottrell L, Harris CV, Bradlyn A, Gunel E, Neal, WA, Abildso L, Coffman JW. Identifying the 
people and factors that influence children’s intention to make lifestyle changes. Health Prom 
Practice. 2012 March; 13(2):183-189. 
Courneya KS. Understanding readiness for regular physical activity in older individuals: an 
application of the theory of planned behavior. Health Psychol. 1995; 14(1):80-87. 
Courneya KS, Plotnikoff RC, Hotz SB, Birkett NJ. Predicting exercise stage transitions over two 
consecutive 6-month periods: a test of the theory of planned behaviour in a population-based 
sample. Br J Health Psychol. 2001 May; 6 (Pt2):135-50. 
References 
 
Page 229 
 
Craig CL, Brownson RC, Cragg SE, Dunn AL. Exploring the effect of the environment on 
physical activity: A study examining walking to work. Am J of Prev Med. 2002; 23(2S):36-43. 
Craig CL, Russell SJ, Cameron C. Reliability and validity of Canada’s Physical Activity Monitor 
for assessing trends. Med Sci, Sports Exerc. 2002; 34(9):1462–1467. 
Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE, Pratt M, Ekelund U, 
Yngve A, Sallis JF, Oja P.  International physical activity questionnaire: 12-country reliability 
and validity Med Sci Sports Exerc. 2003 Aug; 35(8):1396. 
Craig CL, Russell SJ, Cameron C, Bauman A. Twenty year trends in physical activity among 
Canadian adults. Can J Public Health. 2004 Jan-Feb; 95(1):59-63. 
Craig CL, Cameron C.  Increasing Physical Activity: Assessing Trends from 1998-2003. 
Ottawa, ON: Canadian Fitness and Lifestyle Research Institute. 2004. 
Craig CL, Cragg SE, Tudor-Locke C, Bauman A. Proximal impact of Canada on the Move: the 
relationship of campaign awareness to pedometer ownership and use. Can J Publ. Health. 
2006; 97(Suppl 1): S22–S27. 
Craig CL, Tudor-Locke, C, Bauman A. Twelve-month effects of Canada on the Move: a 
population-wide campaign to promote pedometer use and walking. Health Educ Res. 2007 Jun; 
22(3):406-13. Epub 2006 Sept 13. 
Craig CL, Cameron C, Griffiths J, Bauman A, Tudor-Locke C, Andersen RE. Non-response 
bias in physical activity trend estimates. BMC Public Health. 2009 Nov 22; 9:425. 
Craig CL, Bauman A, Reger-Nash B. Testing the hierarchy of effects model: ParticipACTION’s 
serial mass communication campaigns on physical activity in Canada. Health Promot Int. 2010; 
25(1):14-23. 
Craig CL. Evolution and devolution of national physical activity policy in Canada. J Phys Act 
Health 2011;8(8):1044-56. 
References 
 
Page 230 
 
Dean RN, Farrell JM, Kelley ML, Taylor MJ, Rhodes RE. Testing the efficacy of the Theory of 
Planned Behavior to explain strength training in older adults. J Aging Phys Act. 2006; 15:1-12. 
De Cocker KA, De Bourdeaudhuij IM, Cardon GM. What do pedometer counts represent? A 
comparison between pedometer data and data from four different questionnaires. Public Health 
Nutr. 2009 Jan;12(1):74-81. Epub 2008 Mar 20 
Duncan M, Mummery K. Psychosocial and environmental factors associated with physical 
activity among city dwellers in regional Queensland. Prev Med. 2005a Apr; 40(4):363-72. 
Duncan MJ, Spence, JC, Mummery WK. Perceived environment and physical activity: a meta-
analysis of selected environmental characteristics. Int J Behav Nutr Phys Act. 2005b; 2:11. 
Duncan MJ, Winkler E, Sugiyama T, Cerin E, duToit L, Leslie E, Owen N. Relationships of land 
use mix with walking for transport : do land uses and geographical scale matter ? J Urban 
Health. 2010 Sept; 87(5):782-95. 
Dunton GF, Spruijt-Metz D, Wolch J, Chou CP, Jerrett M, Byrne J, Weaver S, Reynolds KD. 
Reasons for urban trail use predict levels of trail-related physical activity. J Phys Act Health. 
2009 July; 6(4):426-34. 
Ehlen J, Ehlen P. Cellular-Only Substitution in the U.S. as Lifestyle Adoption: Implications for 
Telephone Survey Coverage. Public Opinion Quarterly. 2007;71(5):10.1093/poq/nfm048 
ESRI. What is GIS? [Online] Available from: http://www.esri.com/what-is-gis (accessed May 19, 
2014). 
Ferney SL, Marshall AL, Eakin EG, Owen N. Randomized trial of a neighborhood environment-
focused physical activity website intervention. Prev Med. 2009 Feb;48(2):144-50. Epub 2008 
Nov 6. 
Fishbein M., Ajzen I. Belief, attitude, intention, and behavior: an introduction to theory and 
research. Boston: Addison-Wesley, 1975. 
References 
 
Page 231 
 
Foley L, Prapavessis H, Maddison R, Burke S, McGowan E, Gillanders L. Predicting physical 
activity intention and behavior in school-age children. Pediatr Exerc Sci. 2008; 20:342-356. 
Folsom AR, Jacobs DR, Caspersen CJ, et al. Test-retest reliability of the Minnesota leisure 
time physical activity questionnaire. J Chronic Dis. 1986; 39:505–11. 
Foster C, Hillsdon M, Thorogood M. Environmental perceptions and walking in English adults. J 
Epidemiol Community Health. 2004; 58: 924-928. 
Foster C, Hillsdon M, Jones A, Grundy C, Wilkinson P, White M, Sheehan B, Wareham N, 
Thorogood M. Objective measures of the environment and physical activity – Results of the 
environment and physical activity study in English adults. J Phys Act Health. 2009; 6(suppl 1): 
S70-S80. 
Frank, LD. Economic determinants of urban form: resulting trade-offs between active and 
sedentary forms of travel. Am J of Prev Med. 2004 Oct; 27(3 Supp):146-153. 
Frumkin H. Urban sprawl and public health. Public Health Rep. 2002 May-Jun; 117(3):201-17 
Gebel K, Bauman AE, Petticrew M. The physical environment and physical activity: a critical 
appraisal of review articles. Am J Prev Med. 2007 May; 32(5): 361-369. 
Gebel K, Bauman A, Owen N. Correlates of non-cordance between perceived and objective 
measures of walkability. Ann Behav Med. 2009 Apr; 37(2):228-38. Epub 2009 Apr 25 
Gebel K, Bauman AE, Sugiyama T, Owen N. Mismatch between perceived and objectively 
assessed neighborhood walkability attributes: prospective relationships with walking and weight 
gain. Health Place. 2011 Mar; 17(2):519-24. 
Giles-Corti B, Donovan R. Socioeconomic status differences in recreational physical activity 
levels and real and perceived access to a supportive physical environment. Prev Med. 2002; 
35:601-611. 
References 
 
Page 232 
 
Giles-Corti B, Donovan RJ. Relative influences of individual, social environmental and physical 
environmental correlates of walking. Am J Public Health, 2003 Sep; 93(9):1583-1589. 
Giles-Corti B, Timperio A, Bull F, Pikora T. Understanding physical activity environmental 
correlates: increased specificity for ecological models. Exerc Sport Sci Rev. 2005; 33(4):175-
181. 
Godin G, Valois P, Shephard RJ, Desharnais R. Prediction of leisure-time exercise behavior: a 
path analysis (LISREL V) model. J Behav Med. 1987; 10:145–158. 
Godin G, Valois P, Lepage L. The pattern of influence of perceived behavioral control upon 
exercising behavior: an application of Ajzen’s theory of planned behavior. J Behav Med. 1993 
Feb; 16(1):81-102. 
Godin G. Theories of reasoned action and planned behavior: usefulness for exercise 
promotion. Med Sci Sports Exerc. 1994 Nov; 26(11):1391-4.  
Godin G, Kok G. The theory of planned behavior: a review of its application to health-related 
behaviors. Am J Health Promot. 1996, Nov-Dec; 11(2):87-98.  
Government of Canada. An act to encourage fitness and amateur sport. Acts of the Parliament 
of Canada. Fourth session, twenty-fourth Parliament, part 1. Public General Acts, 1960–
1961;421–424. 
Hagger MS, Chatzisarantis NL, Biddle SJ. The influence of autonomous and controlling 
motives on physical activity intentions within the Theory of Planned Behaviour. Br J Health 
Psychology. 2002 Sep; 7(Part 3): 283-297. 
Hagger MS, Chatzisarantis NL, Biddle SJH. A Meta-analytic review of the Theories of 
Reasoned Action and Planned Behavior in physical activity: Predictive validity and the 
contribution of additional variables. J Sport Exerc Psychol. 2002; 24: 3-32. 
References 
 
Page 233 
 
Hagger MS, Chatzisarantis NLD, Barkoukis V, Wang JCK, Hein V, Pihu M, Soos I, Karsal I. 
Cross-cultural generalizability of the Theory of Planned Behavior among young people in a 
physical activity context. J Sport Exerc Psychol. 2007; 29:1-20. 
Hagger MS, Chatzisarantis NL. Integrating the theory of planned behaviour and self-
determination theory in health behaviour: A meta-analysis. Br J Health Psychology. 2009; 14: 
275-302. 
Hall KS, McAuley E. Individual, social environmental and physical environmental barriers to 
achieving 10000 steps per day among older women. Health Ed Research. 2010; 25(3):478-88. 
Hallal PC, Andersen LB, Bull FC, Guthold R, Haskell W, Ekelund U. Global physical activity 
levels: surveillance progress, pitfalls, and prospects. Lancet. July 2012; Physical Activity: 20-
30. 
Health Canada, Secretariat for the Intersectoral Healthy Living Network. The Integrated Pan-
Canadian Healthy Living Strategy. Health Canada, Canada. 2005. Cat no HP10-1/2005, ISBN 
0-662-69384-1. 
Health Canada and Canadian Society for Exercise Physiology. Canada’s Physical Activity 
Guide to Healthy Active Living. Health Canada, Canada. 1998. Cat No. H39-429-1998-1E.  
Hillsdon M, Cavill N, Nanchahal K, Diamond A, White IR. National level promotion of physical 
activity: results from England’s Active for Life campaign. J Epidemiol Commun Health, 2001; 
55:755–761. 
Hochbaum GM. Public participation in medical screening programs: a sociopsychological 
study. Washington, DC: U.S. Public Health Service, 1958. Publication No. (PHS)572. 
Hurst M. Who participates in active leisure? Can Soc Trends. Statistics Canada. 2009. 
Catalogue no. 11-008-X: 25-31. 
References 
 
Page 234 
 
Ishii K, Shibata A, Oka K. Environmental, psychological, and social influences on physical 
activity among Japanese adults: structural equation modeling analysis. Int J Behav Nutr Phys 
Act. 2010 Aug 5; 7:61. 
Jacobs DR, Ainsworth BE, Hartman, TJ, Leon AS. A simultaneous evaluation of 10 commonly 
used physical activity questionnaires. Med Sci Sports Exer. 1993; 25(1):81-91. 
Janssen I. Health care costs of physical inactivity in Canadian adults. Appl Physiol Nutr Metab. 
2012; 37(4):803-806. 
Jetté M, Sidney K, Blümchen G. Metabolic equivalents (METS) in exercise testing, exercise 
prescription, and evaluation of functional capacity. Clin Cardiol. 1990 Aug; 13(8): 555-65. 
Katzmarzyk PT, Tremblay MS. Limitations of Canada’s physical activity data: implications for 
monitoring trends. Can J Public Health. 2007; 98Suppl 2:S185-94. Review.  
Kempf AM, Remington PL. New Challenges for Telephone Survey Research in the 21st 
Century. Annu Rev Public Health. 2007; 28:113-126. 
Kerr J, Norman GJ, Adams MA, Ryan S, Frank L, Sallis JF, Calfas JK, Patrick K. Do 
neighborhood environments moderate the effect of physical activity lifestyle interventions in 
adults.  Health Place. 2010 Sep; 16(5):903-8 Epub 2010 May 11. 
King AC, Toobert D, Ahn D, Resnicow K, Coday M, Riebe D, Garber CE, Hurtz S, Morton J, 
Sallis JF. Perceived environments as physical activity correlates and moderators of 
interventions in five studies. Am J Health Promot. 2006; 21:24–35.  
Kohl HW 3rd, Craig CL, Lambert EV, Inoue S, Alkandari JR, Leetongin G, Kahlmeier S, for the 
Lancet physical activity series working group. Physical Activity 5: The Pandemic of physical 
inactivity: global action for public health. Lancet. 2012 July; Physical Activity: 67-78. 
Lamb KL, Brodie DA. Leisure-time physical activity as an estimate of physical fitness: a 
validation study. J Clin Epidemiol. 1991; 44:41–52. 
References 
 
Page 235 
 
Leslie E, Saelens B, Frank L, Owen N, Bauman A, Coffee N, Hugo G. Residents’ perceptions 
of walkability attributes in objectively different neighbourhoods: a pilot study. Health Place. 
2005 Sept; 11(3):227-36. 
Librett JJ, Yore MM, Schmid TL. Characteristics of physical activity levels among trail users in a 
U.S. national sample. Am J Prev Med. 2006 Nov; 31(5):399-405. 
Lind K, Link M, Oldendick R. A comparison of the accuracy of the last birthday versus the next 
birthday methods for random selection of household respondents. Papers Presented at the 55th 
Annual Conference of the AAPOR & World Association for Public Opinion Research. 2000 May 
17-21. Portland, Oregon. 
Lovasi GS, Moudon AV, Pearson AL, Hurvitz PM, Larson EB, Siscovick DS, Berke EM, Lumley 
T, Psaty BM. Using build environment characteristics to predict walking for exercise. Int J  
Health Geogr. 2008 Feb 29; 7:10. 
Maddison R, Hoorn SV, Jiang Y, Mhurchu CN, Exeter D, Dorety E, Bullen C, Utter J, Schaaf D, 
Turley M. The environment and physical activity: the influence of psychological, perceived and 
built environmental factors. Int J Behav Nutr Phys Act. 2009, March; 30: 6-19. 
Marcus BH, Owen N. Motivational readiness, self-efficacy, and decision making for exercise. J 
Appl Soc Psychol. 1992; 22:3-16. 
Martin JJ, Oliver K, McCaughtry N. The Theory of Planned Behavior: Predicting physical 
activity in Mexican American children. J Sport Exerc Psychol. 2007; 29:225-238. 
McCormack G, Giles-Corti B, Lange A, Smith T, Martin K, Pikora TJ. An update of recent 
evidence of the relationship between objective and self-report measures of the physical 
environment and physical activity behaviours. J Sci Med Sport. 2004 Apr; 7(1 Suppl):81-92. 
McCormack GR, Spence JC, Berry T, Doyle-Baker PK. Does perceived behavioral control 
mediate the association between perceptions of neighborhood walkability and moderate- and 
vigorous-intensity leisure-time physical activity? J Phys Act Health. 2009 Sept; 6(5):657-66. 
References 
 
Page 236 
 
McCormack GR, Shield A. In search of causality: a systematic review of the relationship 
between the built environment and physical activity among adults. Int J Behav Nutr Phys Act. 
2011; 8:125.  
McGuire WJ. Public communication as a strategy for inducing health promoting behavioral 
change. Prev Med. 1984; 13:299–319. 
McNeill LH, Wyrwich KW, Brownson RC, Clark EM, Kreuter, MW. Individual, social 
environment, and physical environmental influences on physical activity among black and white 
adults: a structural equation analysis. Ann Behav Med. 2006 Feb; 31(1):36-44. 
Merom D, Rissel C, Phongsavan P, Smith BJ, van Kemende C, Brown WJ, Bauman AE. 
Promoting walking with pedometers in the community: The Step-by-Step Trial. Am J Prev Med. 
2007. 32;290-297 
Morris JN, Heady JA, Raffle PA, Roberts CG, Parks JW. Coronary heart-disease and physical 
activity of work. Lancet. 1953, Nov 21; 265(6795):1053-7; Nov 28;265(6796):1111-20. 
Morris JN, Chave SP, Adam C, Sirey C, Epstein L, Sheehan DJ. Vigorous exercise in leisure-
time and the incidence of coronary heart disease. Lancet. 1973 Feb 17;1(7799):333-9 
Morris J, Hardman A. Walking to health. Sports Med. 1997; 23: 306-32. 
Mummery WK, Spence JC, Hudec JC. Understanding physical activity intention in Canadian 
school Children and Youth: An application of the Theory of Planned Behavior. Res Q Exerc 
Sport. 2000; 71(2):116-124. 
Murakami E, Young J.  Daily travel by persons with low income. In: Proceedings from the 
Nationwide Personal Transportation Survey Symposium. Washington, DC: U.S. Department of 
Transportation, Federal Highway Administration, Office of Highway Policy Information. 1997; 
65-84. 
References 
 
Page 237 
 
Ogilvie D, Foster CE, Rothnie H, Cavil N, Hamilton V, Fitzsimons CF, Mutrie N, on behalf of the 
Scottish Physical Activity Research Collaboration. Interventions to promote walking: systematic 
review. BMJ. 2007 June Jun 9;334(7605):1204. Epub 2007 May 31. 
Owen N, Humpel N, Leslie E, Bauman A, Sallis JF. Understanding environmental influences on 
walking: review and research agenda. Am J Prev Med. 2004 July; 27(1):67-76. 
Pan SY, Cameron C, DesMeules M, Morrison H, Craig CL, Jiang X. Individual, social, 
environmental, and physical environmental correlates with physical activity among Canadians: 
a cross-sectional study. BMC Public Health. 2009; 9:21. 
Patnode CD, Lytle LA, Erickson DJ, Sirard JR, Barr-Anderson D, Story M. The relative 
influence of demographic, individual, social, and environmental factors on physical activity 
among boys and girls. Int J of Beh Nut and PA. 2010; 7:79  
Pikora T, Giles-Corti B, Bull F, Jamrozik K, Donovan R. Developing a framework for 
assessment of the environmental determinants of walking an cycling. Soc Sci Med. 2003 Apr; 
56(8):1693-1703. 
Plotnikoff RC, Lubans DR, Trinh L, Craig CL. A 15-Year Longitudinal Test of the Theory of 
Planned Behavior to Predict Physical Activity in a Randomized National Sample of Canadian 
Adults. Psych Sport & Exer. 2012;13(5 Sept): 521-527. 
Pratt M, Sarmiento OL, Montes F, Ogilvie D, Marcus BH, Perez LG, Brownson RC. The 
implications of megatrends in information and communication technology and transportation for 
changes in global physical activity. Lancet. July 2012; 55-66. 
Prince SA, Adamo KB, Hamel ME, Hardt J, Connor Gorber S, Tremblay M. A comparison of 
direct versus self-report measures for assessing physical activity in adults: a systematic review. 
Int J of Beh Nut and PA. 2008; 5:56  
Prochaska JO, DiClemente CC. Transtheoretical therapy: toward a more integrative model of 
change. Psychotherapy. 1982; 20:161-173. 
References 
 
Page 238 
 
Reger-Nash B, Bauman A, Booth-Butterfield S, Cooper L, Smith H, Chey T, Simon KJ. 
Wheeling walks: evaluation of a media-based community intervention. Fam Community Health. 
2005; 28(1): 64-78. 
Rhodes RE, Brown, SG, McIntyre, CA. Integrating the perceived neighborhood environment 
and the Theory of Planned Behavior when predicting walking in a Canadian adult sample. Am J 
of Health Promot. 2006; 21(2):110-118. 
Rhodes RE, Plotnikoff RC. Understanding action control: predicting physical activity intention-
behavior profiles across 6 months in a Canadian sample. Health Psychol. 2006; 25:292–299. 
Rhodes R, Courneya KS, Blanchard CM, Plotnikoff RC. Prediction of leisure-time walking: an 
integration of social-cognitive, perceived environmental, and personality factors. Int J of Beh 
Nut and PA. 2007, 4:51. 
Ross C. Walking, exercising and smoking: Does neighborhood matter? Soc Sci Med. 2000; 51: 
265-274. 
Rosenstock IM, Strecher VJ, Becker MH. Social Learning Theory and the Health Belief Model. 
Health Educ Q. 1988 Summer; 15(2): 175-83. 
Saelens BE, Sallis JF, Black JB, Chen D. Neighborhood based differences in physical activity: 
an environmental scale evaluation. Am J Public Health. 2003; 93:1152-1558. 
Saelens BE, Sallis JF, Frank LD. Environmental correlates of walking and cycling: findings from 
the transportation, urban design, and planning literatures. Ann Behav Med. 2003 Spring; 
25(2):80-91. 
Saelens BE, Handy SL. Built environment correlates of walking: A review. Med Sci Sport Exerc. 
2008 July; 40(7 suppl): S550-S556. 
Sallis JF, Hovell MF, Hofstetter CR, Elder JP.  Distance between homes and exercise facilities 
related to frequency of exercise among San Diego residents. Public Health Rep. 1990; 
105:180-85. 
References 
 
Page 239 
 
Sallis JF, Bauman A, Pratt M. Environmental and policy interventions to promote physical 
activity. Am J Prev Med. 1998 Nov; 15(4):379-97.  
Sallis JF, Owen N. Physical activity and behavioral medicine. Thousand Oaks, CA: Sage 
Publications. 1999; p 110-134. 
Sallis JF, Conway TL, Frank LD, Saelens BE, Cain K. Does car availability moderate the 
relation between neighborhood walkability and physical activity? ACSM Annual Meeting. 2005, 
June. 
Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecological approach to 
creating active living communities. Annu Rev Public Health. 2006; 27:297-322. 
Sallis, JF, Owen, N, Fisher EB. Ecological models of health behavior. In: Glanz, K., Rimer, BK., 
Viswanath, K. editors. Health behavior and health education: theory, research, and practice. 4. 
San Francisco: Jossey-Bass; 2008. p 465-486. 
Sallis, JF. Measuring physical activity environments: A brief history. Am J Prev Med. 2009 April; 
36(4suppl):S86-92. 
Sallis JF, Bowles HR, Bauman A, Ainsworth BE Bull FC, Craig CL Sjöström M, De 
Bourdeaudhij I, Lefevre J, Matsudo V, Matsudo S, Macfarlane DJ, Gomez, LF, Inoue S, Murase 
N, Volbekiene V, McLean G, Carr H, Heggebo LK, Tomten H, Bergman P. Neighborhood 
Environments are related to physical activity among adults in 11 countries. Am J Prev Med. 
2009; 36(6):484-490. 
Satariano WA, McAuley, E. Promoting physical activity among older adults: from ecology to the 
individual. Am J Prev Med. 2003; 25:184-92. 
Shephard R. Limits to the measurement of habitual physical activity by questionnaires. Br J 
Sports Med. 2003; 37:197–206. 
References 
 
Page 240 
 
Sigmudova D, Ansari, WE, Sigmund, E. Neighbourhood environment correlates of physical 
activity: A study of eight Czech regional towns. Int J Environ Res Public Health. 2011; 8:341-
57. 
Skinner BF. Science and human behavior. New York: Free Press, 1953. 
Smith G, Gidlow C, Davey R, Foster C. What is my walking neighbourhood? A pilot study of 
English adults’ definitions of their local walking neighbouhoods. Int J of Beh Nut and PA. 2010; 
7:34. 
Spence JC, Plotnikoff RC, Mummery WK. The awareness and use of Canada’s physical 
activity guide to healthy active living. Can J Publ Health. 2002; 93:394–396. 
Spence JC, Brawley LR, Craig CL, Plotnikoff RC, Tremblay MS, Bauman A, Faulkner GE, 
Chad K, Clark MI. ParticipACTION: Awareness of the ParticipACTION campaign among 
Canadian adults – examining the knowledge gap hypothesis and a hierarchy-of-effects model. 
Int J Behav Nutr Phys Act. 2009 Dec; 6:85. 
Spittaels H, Foster C, Oppert J-M, Rutter H, Oja P, Sjöström M, De Bourdeaudhuij I. 
Assessment of environmental correlates of physical activity: development of a European 
questionnaire. Int J Beh Nut Phys Act. 2009; 6:39. 
Statistics Canada. Canadian Community Health Survey (CCHS) – Annual component. User 
guide 2010 and 2009-2010 Microdata files, June 2011. [Online] Available from: 
www23.statcan.gc.ca/imdb-bmdi/document/3226_D7_T9_V8-eng.htm (accessed May 26, 
2014). 
Stephens TM, Craig CL, Ferris B.  Adult physical activity in Canada: findings from the Canada 
Fitness Survey I. Can J Public Health. 1986; 77:285-290. 
Stephens TM, Craig CL, Ferris B. Adult physical fitness and hypertension in Canada: findings 
from the Canada Fitness Survey II. Can J Public Health. 1986; 77:291-295. 
References 
 
Page 241 
 
Stronegger WJ, Titze, S, Oja P. Perceived characteristics of the neighborhood and its 
association with physical activity behavior and self-rated health. Health Place. 2010 Jul; 
16(4):736-43. Epub 2010 Mar 21 
Tavares L, Plotnikoff RC, Loucaides, C. Social-cognitive theories for predicting physical activity 
behaviours of employed women with and without young children. Psychol Health Med. 2009; 
14(2):129-142. 
Taylor HL, Jacobs DR, Schucker B, Knudsen J, Leon AS, Debacker G. A questionnaire for the 
assessment of leisure time physical activities. J Chon Dis. 1978; (31):741-755. 
Tremblay MS, Craig CL. ParticipACTION: Overview and introduction of baseline research on 
the “new” ParticipACTION. Int J Behav Nutr Phys Act. 2009; 6:84. Published online 2009 Dec 
9.  
Tremblay MS, Warburton DE, Janssen I, Paterson DH, Latimer AE, Rhodes RE, Kho ME, 
Hicks A, Leblanc AG, Zehr L, Murumets K, Duggan M. New Canadian physical activity 
guidelines. Appl Physiol Nutr Metab. 2011 Feb; 36(1):36-46; 47-58. 
Trost SG, Owen N, Bauman AE, Sallis JF, Brown W. Correlates of adults’ participation in 
physical activity: review and update. Med Sci Sports Exerc. 2002; 34(12):1996-2001. 
Trost SG, Pate RR, Dowda M, Ward DS, Felton G, Saunders R. Psychosocial correlates of 
physical activity in White and African-American girls. J Adolesc Health. 2002; 31:226-233. 
Tucker C, Brick M, Meekins B. Household telephone service and usage patterns in the United 
States in 2004: Implication for telephone samples. Public Opinion Quarterly. 2007; 71(1) 3-22. 
U.S. Department of Health and Human Services. Physical Activity and Health: A Report of the 
Surgeon General. Atlanta, GA: U.S. Department of Health and Human Services, Centers for 
Disease Control and Prevention, National Center for Chronic Disease Prevention and Health 
Promotion. 1996. 
References 
 
Page 242 
 
U.S. Department of Health and Human Services. 2008 Physical Activity Guidelines for 
Americans. U.S. Department of Health and Human Services, Healthier US.GOV. 2008. ODPHP 
Publication No. U0036. [Online] Available from: www.health.gov/paguidelines (accessed May 
31, 2014). 
Van Dyck D, Cardon G, Deforche B, Giles-Corti B, Sallis JF, Owen N, De Bourdeaudhuij, I. 
Environmental and psychosocial correlates of accelerometer-assessed and self-reported 
physical activity in Belgian adults. Int J Behav Med. 2011 Sept; 18(3):235-45. 
Voigt LF, Koepsell, TD, Daling, JR. Characteristics of telephone survey respondents according 
to willingness to participate. Am J Epidemiol. 2006; 157(1):66-73. 
Wankel LM, Mummery WK. Using National survey data incorporating the Theory of Planned 
Behavior: Implications for social marketing strategies in physical activity. J Appl Sport Psychol. 
1993; 5:158-177. 
Walter Rasugu Omariba D. Neighbourhood characteristics, individual attributes and self-rated 
health among older Canadians. Health Place. 2010 Sep; 16(5):986-95. Epub 2010 Jun 23. 
Warburton D, Whitney C, Bredin S. Health benefits of physical activity: the evidence. CMAJ. 
2006; 174(6):801-809. 
Williams DM, Matthews C, Rutt C, Napolitano MA, Marcus BH. Interventions to increase 
walking behavior. Med Sci Sports Exerc. 2008 July; 40(7 suppl):S567-S573. 
World Health Organization (WHO). Health topics. Physical Activity. [Online] Available from: 
http://www.who.int/topics/physical_activity/en/ (accessed September 25, 2013). 
World Health Organization (WHO). Global strategy on diet, physical activity and health. 2004. 
ISBN 92 4 159222 2.  [On-line]. Available from:  
http://www.who.int/dietphysicalactivity/media/en/gsfs_general.pdf (accessed September 25, 
2013). 
References 
 
Page 243 
 
World Health Organization (WHO). 2008-2013 Action plan for the global strategy for the 
prevention and control of non-communicable diseases. 2008. ISBN 978 92 4 159741 8. 
World Health Organization (WHO). Global recommendations on physical activity for health. 
2010. ISBN 978 92 4 159 997 9. 
Zhang J, Quan H, Ng J, Stepanavage ME. Some statistical methods for multiple endpoints in 
clinical trials. Control Clin Trials. 1997 Jun; 18(3):204-21. 
 
 
 
Appendix A 
 
Page 244 
 
Appendix A 
Trends over time 
 
Physical Activity 
According to the sufficient PA definition used in this thesis, the proportion meeting this criterion 
increased slightly in 2007 when compared to 2003. These relationships between socio-
demographic factors and activity level were generally consistent over time. One exception is 
the relationship between activity level and education which appeared in 2003 and 2004 was not 
significant in 2007. 
 
Appendix Table 1: Proportion achieving sufficient amounts of PA, 2003, 2004, 2007 PAMs 
 
% achieving sufficient amounts of 
total PA Lower CI (95%) Upper CI (95%) 
2003 PAM 53.1% 51.9% 54.3% 
2004 PAM  52.2% 51.1% 53.4% 
2007 PAM 56.6% 54.7% 58.5% 
 
 
Walking 
There were no statistically significant differences in the proportions meeting the walking criteria 
between 2003 and 2007. Sufficient amounts of walking behaviours vary by covariates, 
whereby, walking decreases with increasing age, and differences with education level appear 
for walking. These relationships persisted over time except that more men than women walked 
in 2003 but this is no longer significant in 2007. 
 
Appendix Table 2: Proportion that walk sufficient amounts, 2003, 2004, 2007 PAMs 
 
% all-domain walking sufficient 
amount 
Lower CI (95%) Upper CI (95%) 
2003 PAM 29.6% 28.5% 30.7% 
2004 PAM 31.0% 29.9% 32.0% 
2007 PAM 31.0% 29.1% 32.8% 
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Individual factors 
Individual factors related to PA and walking were examined, such as prompted awareness of 
guidelines, knowledge of guidelines, beliefs about the benefits of PA, personal behavioural 
control, intention to be active, and steps towards initial behaviour change. 
Prompted awareness of guidelines  
There has been a substantial decrease over time in the proportion of Canadian adults who 
were aware of guidelines when prompted. In 2003, a greater proportion of women than men 
recalled guidelines; however, this is not significant in 2007. There was a previous relationship 
between recall and education which is no longer significant, whereas a new relationship with 
age is evident.  
 
Appendix Table 3: Prompted recall of guidelines, 2003, 2007 PAMs 
 
Prompted recall of guidelines 
95% CI 
2003 PAM 37.3% 36.1-38.6% 
2007 PAM 27.3% 25.6-29.1% 
Knowledge of the amount of PA required to meet the guidelines  
Based on the definition of knowledge about the amount of PA required to meet guidelines (see 
Chapter Three), there has been a substantial increase over time in the proportion of Canadian 
adults who had knowledge of the PA guidelines (56.9% in 2007 compared to 43.1% in 2003), 
and although there is no relationship with covariates in 2007, there were significant 
relationships with age and with education in 2003. 
 
Appendix Table 4: Knowledge of minimum amount of PA to meet guidelines, 2003, 2007 PAMs 
  
  
Reported minimum amount of PA meets guide criteria 
% aware of minimum amount of PA required to meet 
guidelines 
95% CI 
2003 PAM 43.1% 41.5-44.7% 
2007 PAM 56.9% 54.9-58.8% 
 
Beliefs about the benefits of PA  
The beliefs about the benefits of PA were assessed through three questions (for preventing 
heart disease, maintaining stress, and helping to maintain functional ability with age). Generally 
speaking, the rates in 2003 are lower than those in 1998 and 2007. The relationships between 
these beliefs and the covariates have remained consistent over time. 
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Appendix Table 5a: Beliefs about the benefits of PA, 1998 PAM* 
 Regular PA helps 
Maintain stress Maintain the ability to do 
everyday tasks in older 
age 
N Estimate N Estimate 
Do not agree 
(anchor) 
59 1.2% 48 0.8% 
2 30 0.8% 20 0.5% 
3 65 1.7% 63 1.5% 
4 127 2.8% 163 3.7% 
5 634 14.7% 707 16.1% 
6 830 18.4% 954 20.6% 
Agree very strongly 
(anchor) 
3,003 60.5% 2,800 57.0% 
* Preventing heart disease not collected. 
Appendix Table 5b: Beliefs about the benefits of PA, 2003 PAM 
 Regular PA helps 
Prevent heart disease Maintain stress Maintain the ability to do 
everyday tasks in older 
age 
N % N % N % 
Do not agree 
(anchor) 
102 1.4% 57 0.8% 74 1.1% 
2 66 0.9% 40 0.5% 60 1.0% 
3 202 2.7% 101 1.4% 150 1.8% 
4 391 5.6% 270 3.5% 406 5.6% 
5 1,324 18.5% 1,210 17.0% 1,357 19.8% 
6 1,497 21.8% 1,872 27.6% 1,599 23.4% 
Agree very 
strongly (anchor) 
3,521 49.1% 3,590 49.2% 3,469 47.3% 
 
Appendix Table 5c: Beliefs about the benefits of PA, 2007 PAM 
 Regular PA helps to 
Prevent heart disease Manage stress Maintain the ability to do 
everyday tasks in older age 
N % N % N % 
Do not agree 
(anchor) 
35 1.0% 37 1.0% 30 .6% 
2 8 .1% 11 .3% 21 .4% 
3 32 .6% 49 1.3% 37 .7% 
4 89 1.8% 109 2.1% 120 2.7% 
5 385 7.8% 508 10.6% 522 11.1% 
6 621 12.0% 765 15.3% 907 17.3% 
Agree very strongly 
(anchor) 
3,835 76.7% 3,528 69.4% 3,355 67.2% 
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Intention  
The proportion scoring the highest value of the scale for intention is higher in 2007 compared to 
1998 and again the relationship to the socio-demographic variables have persisted over time 
with the exception that education differs slightly in 2007. 
 
Appendix Table 6: Intention to be active, 1998, 2003, 2007 PAMs 
 1998 PAM 2003 PAM 2007 PAM 
Highest intention (score of 6 or 7) 
N % N % N % 
Anchored at 1 
(no intention 
at all) 
91 1.9% 147 2.0% 61 1.2% 
2 66 1.8% 102 1.4% 48 0.9% 
3 197 4.5% 212 3.1% 132 2.9% 
4 397 9.2% 483 7.0% 340 7.1% 
5 1,173 25.8% 1,625 23.3% 931 18.7% 
6 776 17.7% 1,319 19.5% 895 18.4% 
Anchored at 7 
(fully intend to 
be active) 
1,907 39.0% 3,174 43.7% 2,574 50.8% 
 
Initial behaviour change  
Based on the variables described in Chapter Three, there have been some slight increases in 
the proportion citing steps taken towards initial behavioural change between 1998 and 2007. 
For example, there has been an increase in the proportion who indicate that they have reading 
articles on PA (53.3% in 1998 compared to 60.8% in 2007), sought information from family and 
friends (34.8% in 1998 vs. 44.7% in 2007), obtained information from health professionals 
(23.3% in 1998 vs. 29.4% in 2007), observed or tried a physical activity class (46.1% in 1998 
vs. 53.2% in 1998), and made active choices at work (68.7% in 1998 vs. 72.5% in 2007). On 
the contrary there has been a slight decrease in the proportion indicating that there is 
information about PA in the community (44.0% in 1998 vs. 37.0% in 2007). Generally speaking, 
however, relationships with the covariates have remained consistent over time.  
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Appendix Table 7: Initial behaviour change, 1998, 2003, 2007 PAMs 
 1998 PAM 2003 PAM 2007 PAM 
N % 95% CI N % 95% CI N % 95% CI 
Read article on PA 2,622 53.3 51.3-55.4 3,972 55.1 53.8-56.5 3,147 60.8 58.9-62.7 
Sought advice 
friends, family 
1,676 34.8 32.9-36.8 2,839 40.1 38.8-41.4 2,312 44.7 42.8-46.7 
Sought advice from 
health professionals 
1,088 23.3 21.5-25.0 1,854 25.2 24.1-26.4 1,486 29.4 27.6-31.2 
Observe or tried 
class 
2,136 46.1 44.1-48.2 2,869 55.7 54.3-57.0 2,589 53.2 51.3-55.2 
Info on community 
opportunities 
2,192 44.0 42.0-46.1 2,596 36.8 35.5-38.1 1,889 37.0 35.1-39.0 
Made active 
choices 
3,187 68.7 66.7-70.6 5,096 73.9 72.6-75.1 3,464 72.5 70.7-74.3 
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Personal contributions to the thesis 
 
This section documents the personal contribution that this author (Christine Cameron) has 
made to the conduct of the studies utilized in this thesis, the research and analyses, and writing 
of this thesis. 
 
Study Design – This author been involved in the initial development of the Physical Activity 
Monitor studies, developed by the Canadian Fitness and Lifestyle Research Institute. Although 
survey questions were previously developed based on a needs assessment of government 
officials and researchers, I have been involved in inputting and guiding the survey sampling 
frame utilized by the data collection company, ensuring ethics approval (university housing the 
data collection company), and ensuring data collection is completed as per the research plan 
and schedule. 
 
Data integrity and analyses – This author has full responsibility for ensuring that the data 
file is clean and verified for accuracy. This includes screening based on range of values, 
adherence to skip patterns within the survey instrument, and analysing the distribution of 
variables. I was responsible for the development of the analysis plan for this thesis, and 
responsible for conducting all analyses in fulfilment of this analysis plan for this thesis using 
statistical software. 
 
Dissemination – This author was responsible for the writing of this thesis document and 
articles and presentations associated with this thesis. Discussion of content of the article and 
presentations was conducted in collaboration with co-investigators, and content of the thesis 
under the guidance of thesis supervisors. 
 
 
